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Chemistry. — “The bromination of toluene”. By Prof. A. F. 
Hoııeman and Dr. F. H. van Der Laan. 


(Communicated in the meeting of October 28, 1905). 


In the reaction between toluene and bromine we have a striking 
example of the influence exerted on the nature of the product of 
reaction by experimental conditions. About this the following is 
known: 

1. Injluence of temperature. In-the dark and at a low tempera- 
ture there is formed a mixture of bromotoluenes; on the other hand 
benzyl bromide is formed at the boiling point of toluene. 

2. Injluence of light. At a low temperature benzyl bromide is 
exclusively formed; the same takes place at the boiling temperature. 

3. Inrluence of catalyzers. Through their action the bromination 
takes place exclusively in the core, even in full daylight and at 
an elevated temperature. 

.lf we make a closer study of the papers which have appeared 
as to this reaction it strikes us, as in so many other cases, that the 
virtually known suffers from much uncertainty owing to an insufli- 
cient observance OT the quantitative proportions. When, for instance, 
SCHRAMM states that on bromination in sunlieht benzyl bromide is 
exclusively formed, a doubt arises as to the correctness of this view, 
as the only proof he adduces is that the boiling point of his product 
lies at 195°— 205°; his boiling point limits are therefore so wide 
apart that they suggest rather the presence than the total absence 
of isomers. As regards the bromotoluenes formed in the reaction, 
it was known that these are ortho- and para-bromotoluene. But the 
question, in what proportion those are formed under the influence 
of the three above factors, has only been made the subject of greatly 
varying conjectures and rough estimates. Nothing was known also 
as to the nature of the products of reaction which are formed in 
the dark at temperatures between the ordinary and the boiling point 
of toluene (110°). 

There was, therefore, every reason to again study this interesting 
reaction and to try to solve the following questions: 

In how far is the composition of the reaection-mixture dependent 
1. on the temperature; 2. on the action of light; 3. on the presence 
of catalyzers. 

In my laboratory, first at Groningen, afterwards at Amsterdam, 
Dr. van per Taan has made a contribution to the resolution of these 
questions by means of a careful experimental research ; he commenced 
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by making sure of the absolute purity of his toluene and bromine 
by means of special methods of purifying; for details his dissertation 
and his paper in the “Recueil” (next appearing) should be consulted. 

As the composition of the reaction mixture consisting of ortho- 
parabromotoluene and benzyl bromide had to be determined, but as 
no method for this was available, it was necessary to work out a 
suitable process ; in order to do this it was necessary to first possess 
the three said substances in a chemically pure state so as to be able 
to make artifieial mixtures for testing the analytical methods. 

The preparation of parabromotoluene and of benzyl chloride presented 
no diffieulties. The first substance was obtained from paratoluidine 
by diazotation, and as this is a solid it could be readily freed from 
any adhering traces of its isomers by recrystallisation from ligroin 
and thus yield a parabromotoluene also free from its isomers. Benzyl 
bromide was made from benzyl alcohol’ and hydrobromie acid. On 
the other hand the preparation of pure orthobromotoluene was not 
so easy. This was also prepared from the corresponding toluidine, 
but the diffieulty was to obtain the latter in a pure condition. This 
was overcome in the manner previously communicated (These Proc. 
VII p. 395). 

In the actual investigation a large excess of toluene was always 
taken (8 mols. toluene to 1 mol. of bromine) so as to avoid for certain 
the formation of higher substitution products. Besides the three above 
mentioned substances the reaction mixture contains, therefore, a large 
quantity of toluene: hydrogen bromide is also present and often 
also a small quantity of free bromine, especially in the reactions 
which were executed in the dark. This reaction product was now 
analysed quantitatively as follows: A slow current of air removed 
almost quantitatively the hydrogen bromide, which was absorbed in 
water and titrated: the quantity thus found is equivalent to and 
serves as a measure for the brominated products. In order to free 
the liquid from any free bromine, and to determine the amount of 
the same, it is poured into a solution of potassium iodide and the 
liberated iodine titrated with thiosulphate. The liquid is now washed 
with water, dried, and the toluene is distilled off in an airbath 
heated by boiling amyl alcohol. On taking the sp. gr. ofthe distilled 
toluene it appeared that this had not carried over any brominated 
products to speak of. 

After these operations the liquid now only consisted ofthe bromo- 
toluenes and benzyl bromide besides also a small quantity of toluene. 
In this mixture the benzyl bromide can be estimated by means of 
aleoholie silver nitrate which yields silver bromide quantitatively. 

36* 
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In order to determine in what proportion ortho- and parabromo- 
toluene are present, it was necessary to remove the benzyl bromide 
from the mixture. This was done by bringing it into eontact with 
dimethylaniline. There is then formed «nantitatively an ammonium 
bromide, the bulk of which is deposited as a erystalline mass. By 
washing the residual liquid with very dilute nitrie acid the excess 
of dimethyl aniline and the still dissolved ammonium bromide 
are removed so that we obtain finally a liquid eonsisting merely of 
the bromotoluenes. When dried and distilled in vacuo it is ready 
for the determination of the isomers. This was done by determining 
the solidifying point of this purified liquid. By means of the solidi- 
fying point curve previously constructed by Dr. van ver Laas, the 
composition of the mixture could be at once ascertained from the 
said point. By the analysis of a series of made np mixtures he was 
satisfied that this method of analysis gives results accurate within 
about 1 percent and is therefore sufficiently aceurate for the purpose 
intended. 

With the aid of the metliod described Dr. van pur Laan obtained 
the following results. 

1. Influence of temperature. The tlask containing the mixture of 
bromine and toluene was kept carefully in the dark. Observations 
were made at 25°, 50°, 75° and 100°. At 25° the reaetion took 
place very slowly and even after a week the bromine had not alto- 
gether disappeared. ‚At 50° this was already the case in 3 days. 
The subjoined table contains the analyses of the reaction mixtures. 
The figures given are each the mean of 3 or 4 concordant determinations. 

From this it appears that in the dark a regular increase of the 
benzyl bromide content takes place with a rising temperature. From 
a graphical extrapolation it appears that benzyl bromide is no longer 
formed below 17°, but, on the other hand, above 83° it is the sole 
reaction produet. These conclusions, however, must still be confirmed 
experimentally. The proportion in which ortho- and parabromotoluene 
are formed also alters somewhat in favour of the first-named isomer. 
A determination of the sp. gr. of the mixture showed that this does 
not contain any of the higher brominated substanees. The mixtnre 
obtained at 25° had a sp. er. of 1.3598 at 64°.6 whilst a mixture of 
er isomers in the same proportion shows a sp. gr. of 1.3598 
at 64°. 


2. Injluence of light. As already observei, Schramma elaims to 
have obtained exelusively benzylbromide when brominating at low 
temperature in full sunlight, although his experimental data ereate 
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Composition of the brominatingproduct ||Composition of the mixture 
Temp: | ortho | para | benzyl bromidt ortho + para 
| bromotoluene | bromotoluene 
25 3) 3849 10.6 al 60.83 
50 235 32.8 43.7 41.8 58.2 
75 6.2 7.5 86.3 45.3 54.7 
100 x a wi rn 


some doubt about this. In diffuse daylight ortlo- and parabromo- 
toluene are also formed according to him ; ERDMANN, on the other 
hand, stated that benzylbromide is the sole product. The observations 
of Dr. Van DER Laan confirm those of ERDMANN. In diffuse daylight 
the bromination proceeds very rapidly at 25°; in about 10 minutes 
all the bromine has disappeared. The analysis of the product gave 
99°/, of benzylbromide. From this it follows that pure benzylbromide 
can be readily prepared in this manner. Britstein, who attempted 
this previously, arrived at the opposite result. This, however, was 
caused by the fact that he exposed to the light a mixture of bromine 
and toluene in equivalent proportions at the temperature of boiling 
toluene. Operating in this manner we obtain indeed a product with- 
ont a constant boiling point which on fractionation appears to con. 
tain produeis hoiling at higher temperatures. If, however, working 
in the light and at 100°, only one mol. of bromine is used for 10 
mols. of toluene, the formation of these higher boiling substances is 
prevented. The excess of toluene is readily removed by distillation. 
After a distillation in vacno Dr. Van Der Laan obtained a produet 
solidifying at -- #°.3 of a sp. gr. 1.3887 at 65°.5 whilst these con- 
stants, according to his observations, are 3°.9 and 1.3858 at 65°.5 
for pure benzylbromide from benzylalcohol. "The benzylbromide thus 


» 


prepared contains, therefore, less than 0.5°/, of impurities. 


3. Inypuence of (atalyzers. As the influence of light is, as we 
have seen, very great, all the experiments with catalyzers were made 
in complete darkness. Of these were tested: antimonytribromide, 
aluminiumbromide, ferriebromide and phosphorustribromide. Of the 
first three it is stated that they favour the bromination in the core, 
of the latter that it accelerates the formation of benzylbromide. The 
observations of Dr, Van Der Laan are in harmony with this. The 
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temperature at which the reaction was tried was 50°, and theaction 
of the catalyzers was determined in such a manner that inereasing 
quantities of them were added and the composition of the reaction 
product determined each time. 
A feeble catalyzer was found in antimony tribromide as shown in 
the subjoined table. i 
Tea BR/BaAE 


Temp. 50°; 50 cM.’ toluene + 3 eM.? bromine. Dark. 


Mol SbBr, a Composition of the brominatingproduct 
on mol Br, ortho para ortho para benzyl bromide 
bromotoluene bromotoluene 
0.0 41.8 58.2 23.5 | 32.8 43.7 
0.0017 40.1 29.2 22.4 33.4 | 44 2 
0.0084 38.9 61.1 24.0 | 37.8 38.2 
0.016 38.3 61.7 26.0 | 42.0 32.0 
0.034 38.9 61.1 28.0 44.4 7.9 
0.089 _ — — — | 18.7 


The quantity of benzylbromide diminishes with increasing quan- 
tities of the catalyzer but is not inversely proportional ; the decrease 
is much less. The proportion of ortho- and parabromotoluene under- 
goes but a slight modification. 

Aluminiumbromide, however, acts very energetically, as very small 
quantities prevent the formation of benzylbromide. The experiments 
were conducted by adding a little aluminiumpowder to the mixture 
of toluene and bromine, thereby converting it rapidly into the 
bromide. The following figures were obtained : 

1A, B3sR "I. 
Temp. 50°; 50 cM.? toluene -+ 2.5 e.M.’ bromine. Dark. 


Composition of the 
Mol AlBr, Benzyl- mixture. 
on1 molBr, | bromide ortho para 
bromotoluene 
Er 
0 AT 41.8 58.9 
0.002 43.1 43.9 56.1 
0.00% 0.5.(P) 44.6 55.4 
0.006 0 | 44.3 55.7 
0.07 | 0 49.2 50.1 
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Whereas SbBr, modifies the proportion of ortho-para slightly in 
favour of the para there is present here a much stronger influence 
of AlBr, in favour of the ortho. 

Partieularly interesting here is the influence on the amount of 
benzyl bromide. Although with only 0.002 mol. no modification of 
those proportions is perceptible, this becomes so pronounced with 
double the quantity that practically no more benzyl bromide is 
formed. This result is very striking and deserves a closer study. 

With ferrie bromide this phenomenon was repeated; this appeared 
to be a still more powerful catalyzer than aluminium bromide, as 
the limit of its activity is situated still considerably lower as may 
be seen from the subjoined table: 


TABLE «IV, 
Temp. 50°; 50 eM.? toluene + 2.5 cM.’ bromine. Dark. 


| Composition of the 
Mol Fe Br, Benzyl- m: 
oni molBr,| bromide ortho para 
bromotoluene 
0 43.7 4.8 58.2 
0.0007 40.8 36.9 63.1 
0.001 18 —_ | _ 
0.002 0 0 | 84.0 
0.006 0 | 37.9 62.1 
| | 
0.01 0 37.0 63 0 


Here, the quantity of ortho is again depressed by the catalyzer. 

With phosphorus trichloride as catalyzer Dr. van Der Laan has 
only made one experiment which, in accordance with ERDMANN’S 
investigatfon, gave an increase in the amount of benzyl bromide. 


TABLE \. 


Temp. 51°; 50 cM.? toluene + 3 cM.' bromine. Dark. 


MolPBr, Benzyl- Bromotoluenes 
oni molBr, bromide re | para 
EEE URF Guss enEEEng REES, 
| 
0 45.4 MM .8 | 58.2 
0.02 54.7 4.4 58.6 
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The quantity of benzyl bromide has therefore, much increased 
but the proportion ortho-para has kept fairly well unaltered. 

For further partieulars as to these researches VAN DER LAAN’S 
original dissertation should be consulted. An article by him on 
this subject will also appear, shortly, in the “Recueil”. 


Amsterdam, Sept. "05. Chemical Laboratory of the University. 


Geology. — “On fragments of rocks from the Ardennes found in 
the Dilwium of the Netherlands North of the Rhine.” By 
Prof. A. WIcHMann. 


(Communicated in the meeting of November 25, 1905). 


Ever since the 18th Century, the attention of geologists has been 
drawn to the boulders scattered about our heathgrounds and in opposition 
to the various and oftentimes curious theories started to account for 
their presence there, A. Vosmarr then already expressed the opinion 
that they had been transported from elsewhere by “A Mighty Flood”. ) 
A little later, A. Brucmans ?) and after him $. J. BrRuGMmANs °) pointed 
to Scandinavia as the original home of these erratics ; but this view, 
though shared by a few other scientists, was not generally adopted 
until after the publication of J. F. L. Hausmann’s treatise *). It seemed 
then as if the only question still remaining to be solved, was in what 
way and by what road this transport had been affected. Little or 
no thought was given to the possibility that other countries might 
be also accountable for their origin. 

It was not until 1844 that W. ©. H. Srtarıng, whilst investigating 
the nature of these boulders, discovered that at least those cumposed 
of sandstone and quartzite, were found as well in the Ardennes, in 
the distriets of Berg and Mark, at the foot of the Harz Mountains 


l) JOHANNES van Lier. Oudheidkundige brieven, bevattende eene verhardelin z 
over de manier van Begraven, en over de Lijkbussen, Wapenen, Veld- en Eere- 
teekens der oude Germanen. Uitgegeven..... door A. Vosmarr. 's-Gravenhage 1760, 
PB -AV,10, 28,108: 

?) Sermo publicus, de monumentis variarum mutatationum, quas Belgii foederati 
solum aliquando passum fuit. Verhandelingen ter nasporinge van de Welten en 
Gesteldheid onzes Vaderlands. I. Groningen 1773, p. 504, 508. 

3) Lithologia Groningana. Groningae 1781. Preface DI: 


4) Verhandelingen over den oorsprong der Graniet en andere primitieve Rots- . 
blokken, die over de vlakten der Nederlanden en van het Noordelijk Duitschland 


verspreid liggen. Natuurk. Verhandelingen der Hollandsche Maatsch. van Wetensch, 
XIX. Haarlem 1831, p. 341—349, 
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as in Scandinavia '). It is to be note« that on his first geologieal map 
these diluvial beds are not marked out in separate divisions ?). 

Two years later, however, his attention was arrested by the pecu- 
liarity that, while in Twente and in the Eastern part of Salland and 
probably over the whole extent of the Veluwe, the prineipal con- 
stituents of these erratics were quartzite, red or blackish jasper, near 
the Havelter hill, before Steenwijk when one comes from the side 
of Meppel, one suddenly finds the detritus to consist entirely of 
flints. He noticed the same phenomenon near Steenwijk, the Steen- 
wijkerwold and even near Vollenhove ’). These facts led him to con- 
elude that two distinet diluvial deposits had taken place, i.e. one 
of “siliceous material” transported from the Baltic and another 
‘“composed of quartz’” derived from the Ardennes. 

In 1854 Starına had modified his theories. To the siliceous for- 
mation he gave the name of “Scandinavian Diluvium”, and the 
quartz, which he no longer regarded as derived from the Ardennes, 
received the appellation of “Diluvium of the Rhine”, which also 
included the deposits between the Meuse and the Rhine; and the 
beds situated South of tlıe river Lek received the name of Diluvium 
of te Meuse. He was careful to add however that: “it would be 
wrong to deduce from these appellations that Scandinavia alone was 
responsible for the diluvial formation in the North of Holland, and 
the Ardennes, or the mountains of what at present is known asthe 
basin of the Meuse, for that of one of its Southern parts and the 
Rhine for that of the other.” *) 

Six years later STARING again proposed another division. which he 
then considered decisive. Leaving the boundaries of the Scandinavian 
Diluvium and those of the Meuse unaltered, the limits of the diluvium 
of the Rhine were confined to those parts of the Netherlands Iying 
between the Rhine and the Meuse. The formation North of the Rhine 
and South of the Vecht was indieated by the name of “mixed dilu- 
vium” °), which therefore included the provinces of Overijsel, Guelders, 
Utrecht, and the distriet of the Gooi in North Holland. The charac- 
teristie feature of this diluvium is the presence of erratics from 


!) De Aardkunde en de Landbouw in Nederland. Zwolle 1844, p. 14. 

2) Proef eener geologische kaart van de Nederlanden. Groningen 1844. 

3) De Aardkunde van Salland en het Land van Vollenhove. Zwolle 1846, 
p- 8, 9, 53. 

ı) Het eiland Urk volgens den Hoogleeraar Harrıns en het Nederlandsche dilu- 
vium. Verhandel. uitgegeven door de Gommissie belast met het vervaardigen eener 
geologische kaart van Nederland. Il. Haarlem 1854, p. 167 m. kaart. 

5) De Bodem van Nederland. II. Haarlem 1860, p. 54—56. Pl. I. 
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Scandinavia, from Hanover, from the mountains along the banks of 
the Rhine and from the Ardennes; but Starıns was unable accurately 
to define which erratics had been transported by the Rhine and 
which by the Meuse. 

“By far the largest portion of the quartzites, sandstones, pudding- 
“stones and slates, found in those parts of the diluvium, which are 
“situated to the South of the Scandinavian drift, are derived from the 
“Devonian strata of the Rhine and the Ardennes.”’ ') Neither did 
STARING succeed in proving that the erraties in the diluvium of the 
Meuse had originally come from the Ardennes. “The gravel and the 
“flints of the Meuse are similar to those of the Veluwe, with the 
‘important difference, however, that no fragments of plutonie rocks 
“are found among them.”’) 

Although for the last ten years the erratics transported from the 
North of Europe have been the subject of much careful investigation, 
little interest has been bestowed on those derived from Southern parts. 
This neglect is due in a great measure to the very nature of those 
rocks. The first actual proof that detritus from the Ardennes has 
been carried North of the Rhine, was supplied by J. Lorı® when 
he discovered a Rhynchonella Thurmanni near Wageningen ’); but 
until now scarcely any further progress has been made in the studr 
of this question. h 

The diffieulty of tracing to their original home the boulders trans- 
ported from the Ardennes, lies in the first place in the necessity of 
leaving out of  consideration, fragments of those rocks which are 
represented both in the diluvium of the Rhine and in that of the 
Meuse, for it is impossible to determine the exaet distriets to which 
they originally belonged. In the second place, it is a well known 
fact that the greater part of the Ardennes is very poor in fossils, 
so that the chance of finding fossiliferous specimens among the diluvial 
erratics is almost nil; — and thirdly, some of the very characteristie 
rocks, e.g. the phyllites, are much too soft to offer adequate resis- 
tance to the accidents of transportation. However, as I hope to show 
in the following pages suflicient material from various formations 

2). |. 6.9.2906: 

®) Contributions & la geologie des Pays-Bas. Archives Teyler (2) II. Haarlem 
1887, p. 80. 

Postseript: Ferp. RormER has already mentioned silicifjed specimens of Stepha- 
noceras coronatum, found in the boulders near Winterswijk, Guelders. (N. Jahrb. 
3 ar bs se re looked exactly like those occurring in the jurassic 

3 ei af 
lan a rance. See also Cl. Schlüter in Zeitschr. d. D. geolog. Ges, 
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remains to prove that the erratics traceable to the Ardennes may 
claim a considerable share in the formation ofthe mixed diluvium 1), 

Cambrian system. The prineipal part of the Ardennes is bnilt 
up of layers belonging to the Cambrian system, which A. Domont 
originally sub-divided into three groups, namely Devillian, Revinian 
and Salmian?). The Devillian and Revinian systems were arena 
united by J. GossELET, ?) into one series, called the devillo-revinian 
which consists of phyllites, alternating with bands of greyish Blanl: 
and dark bluish grey quartzites. These Jayers may be seen exposed 
prineipally near Revin and Deville, on the banks ofthe Meuse near 
Rocroi and Stavelot, and also near Givonne, to the north of Se *) 
These quartzites are often crossed in various directions by fine an 
of quartz and — a distinetive feature by which they are easil 
recognized — they often contain small cubes of pyrite, which 5 
some cases has been in a greater or lesser degree changed iuto 
hydroxyde of iron. Now and then specimens are found in which 
the orginal mineral has entirely disappeared, only the impression of ir 
cubes being left. J. pr Wimpr’) has given microscopical descriptions 
of these crystalline quartzites, but has omitted to mention one 
special characteristic in which they show great conformity with the 
phyllites. In reference to the latter, E. Geintz was the first to point 
out that the enclosed cerystals of magnetite and pyrite are sur- 
rounded by a zone of quartz, thus forming elongated lenses. °) 
From the manner in which these minerals have grown together, 
as well as the chlorite, he was led to the conclusion that they 
were coeval. This theory has been refuted by A. Rexarn. Although, 
with Gemmz, he believes the magnetites and pyrites to have 
been formed at the same time as the mass of the rocks, he 


1) In all probability this share will be found to be much larger than is thought 
at present, because a great many rocky fragments, among others quartzites and 
sandstones, are now ascribed to the diluvium .of the Rhine althouglı they are also 
present in that of the Meuse. 5 

2) Memoire sur les terrains Ardennais et Rhenan-Memoires de l’Acad.-roy. de 
Belgique XX. Bruxelles 1847, p. 8. 

3) Esquisse geologique du nord de la France. Lille, 1880, p. 19. 

4) It cannot be made out which of these localities have provided the boulders. 
They are represented in the accompanying map fas if they were coming from 
Revin, the chief. locality. 

5) Sur les relations lithologiques entre les roches consider6es comme cambrien- 
nes des massifs de Rocroi, du Brabant et de Stavelot. M&m. cour. de l’Acad. roy. 
‘de Belgique LVI. Bruxelles 1898, p. 21, 68. 

6, Der Phyllit von Rimognes in den Ardennen. Tscuermax’s Mineralog. und 
Petrogr. Mitthlg. III. Wien. 1880, p. 533. 
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considers the zone of quartz surrounding these minerals to be of 
secondary origin, and that pressure on both sides had eaused cavities 
which afterwards have been filled up with quartz. ') Some time 
before, A. Davsrfe had already furnished a description of trans- 
formed erystals of pyrites found near Rimognes.*) The studies of 
other kinds of rocks led to the same conclusion.”) An analysis of 
the pyritiferous quartzites of the Cambrian system affords still better 
proof of the secondary origin of this quartz, because in this case 
the rock itself is composed of this mineral. When examining specimens, 
it is easy to observe the sharp contrast between the two formations: 
The quartz which has formed itself around the pyrite, is elear and 
transparent, seldom contains enclosures, and is built up of 
fibres which stand perpendieular on the erystals of pyrite. The 
same structure is seen in the parts which form the veins. L. Dk 
DorpoLoT, who has written on the saıne subject, is inclined to regard 
this quartz as chalcedony. ‘) 

By the aid of this data it has not been diffieult to prove that 
erratics of this kind have been widely dispersed, and it is very 
probable that in the course of time their presence will be signalized 
from many other places besides those we here indicate. 

1. Province Utrecht: Railway entting near Rhenen, on the river 
Lek, Darthuizer Berg, sandpit to the North of Rijsenburg, railway 
cutting at Maarn, the heath near the pyramid of Austerlitz, near 
Zeist, Heidebosch near the House ter Heide, between the stations 
de Bilt and Zeist, to the rear of Houderinge near de Bilt, Soester Berg. 

2. Province of North-Holland: Hilversum and the sandy tract to 
the North of Larenberg. 

3. Province of Guelders: Heatlı near Epe,-Bennekom near Wage- 
ningen, Eerbeek near Dieren, at several places around Eibergen 
Boreulo, Groenlo and Hettenheuvel near Doetichem. 

4. Province of Overijsel: Heriker Berg near Markelo. 


!) Recherches sur la composition et la structure des phyllades ardennais. Bull. 
du Musee roy. d’hist. nat. de Belgique. II. Bruxelles 1883, p. 134—135. 

?) Etudes synthetiques de g6ologie experimentale. I. Paris 1879, p. 443. 

) H. Lorerz. Ueber Transversalschieferung und verwandte Erscheinungen im 
thüringischen Schiefergebirge. Jahrbuch der k. preuss. geolog. Landesanstalt für 
1881. Berlin 1882, p. 283 —289. 

Hans Reusch. Bömmelöen og Karmöen met omgivelser. Kristiania 1888, p. 69, 70. 

Aurr. Harker. On “Eyes” of Pyrites and other Minerals in Slate. Geolog. 
Magazine (3) VI. London 1889, p: 396, 397. 

*) Quelques observations sur les cubes de pyrite des quartzites reviniens. Ann, 
Soc. geolog. de Belgique. XXXI. Liege 1903—04. Mem. p- 505. 
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It stands to reason that erraties of this type must be more plentiful 
still in the distriet South of the Rhine; in fact, similar quartzites 
have been found in the diluvium.of the Meuse for a long time past. 
In the Province of Limburg they are looked upon as the most com- 
mon kind of erraties. Anpn. Erkxs came across one 3 M. high, 2.6 M. 
long and 0.6 M. broad'!). According to this author, they are also 
found in quantities in the Province of North Brabant, although they 
are not so large as those of Limburg. J. Lorı& found rocks of this 
composition on the heaths at Mook and at Schaik, also in South Holland 
on the beach of Springer in Goedereede and near Rockanje in the 
island of Voorne. 

“Porphyroids.” But the most conclusive proofs that immense quan- 
tities of rocky fragments must have been transported from the Ardennes, 
are furnished by the so-called Porphyroids. This rocky formation is 
eonfined to the distriets of Revin and Deville, where, more particu- 
larly in the neighbourhood of Laifour and Mairus, they form 
dikes from 0.1 to 20 M. wide, corresponding to the layers of the 
devillo-revinian group. At present only 17 places are known where 
this exceedingly characteristic formation ’) may be encountered. 
Dispersed in a bluish gray or greyish groundmass, may be seen 
porphyritie erystals of bluish quartz and of feldspar. Owing to 
their peculiar position and their schistose structure, many geologists 
have classified these rocks among the series of crystalline 
schists, — whilst others have ascribed to them an eruptive origin. 
CH. Ds 1A Varu£s Poussıy and A Renarp, who have given the 
most detailed description of these rocks, favoured the former view’); 
Bırroıs, Davsree, Gossenet, von Lasauıx and others, on the con- 
trary, justly considered them to be quartzporphyry, an opinion which 
A. Ruxarn also finally accepted. 

Although these porphyroids can have but a minimum share in the 
formation of the Ardennes, they are frequently met with in diluvial 
deposits. In Belgium, G. Dewargur only noticed them near Liege ‘), 
which proves that but little attention has been paid to them in that 


1) Recherches sur les formations diluviennes du sud des Pays-Bas. Archives 
Teyler (2) III. 6eme partie. Haarlem 1891, p. 23. 

2) J. Gosserer. L’Ardenne. Paris 1888, p. 86. 

3) M6moire sur les caracteres mineralogiques et stratigraphiques des roches dites 
plutoniennes de la Belgique, M&moires cour. etc. de l’Acad. roy. de Belgique XL. 
_ Bruxelles 1876, p. 237—247 (also Zeitschr. d. D. geol. Ges. 1876, p.; 750—769). 

s) Prodrome d’une description g6ologique de la Belgique. Bruxelles et Liege 
1868, p. 237, 
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country '), for ALpH. ErEns mentions not less than 15 gravel-pits in 
the neighbourhood of Maastricht in which he found fragments of 
these rocks, one being 0.6 M. long and 0.5 M. thick. The most 
easterly place of deposit known at present is Simpelveld*). Not long 
ago, Mr. L. Rurrten brought me several specimens dug up in the 
neighbourhood of Sittard. From observations of ErEns, it would appear 
that these erratics are scarce in the Province of North Brabant. He 
himself found a nice piece at Mook?), and J. Lorıf a fragment 
between Bladel and Pöstel. 

North of the Rhine they have been discovered in the railway cuttings 
near Rhenen and also near Maarn (in the latter locality the fragment 
was over '/, M. in diameter), and on the Soester Berg, in the Province 
of Utrecht. Another piece was found near Eibergen, in Guelders and 
finally Erens mentions having seen in the Geological Museum, at 
Leiden, a fragment found in Overijsel : unfortunately he does not 
state the exact spot at which it was found ‘°). 

2. Carboniferous system. Ferd. RoEMER has given a description 
of a few fragments of black carboniferous limestones containing 
Productus striatus Fisch. found in the Gooi, near Hilversum and 
sent to him for analysis by Starıng. He came to the conelusion that 
they were derived from the carboniferous limestone of the distriet 
between Aix-la-Chapelle and Stolberg °). 

STARING on the contrary believed them to have been transported 
from Vise on the Meuse, in Belgium, and based his opinion on the 
similarity of their composition with the limestone found in that part 
and also on the almost total absence of this rock from Westphalia.°) 
Although fragments of carboniferous limestone from Ratingen, N.W. 
of Dusseldorf, might have found their way to the Netherlands, the 
fact that no traces of the said fossil have ever been observed in 
those rocks”), evidently keeps them outside the discussion. It is. 
true that in the distriet between Aix-Ja-Chapelle and Stolberg, the 


1) J. Lore e.g. found several fragments near Lancklaer on the Zuid-Willemscanal. 

?) Note sur les roches cristallines recueillies dans les depöts de transport dans 
la partie meridionale du Limbourg hollandais. Ann. de la Soe. geolog. de Belgigue. 
XVI. 1888—89. Liege. Mem. p. 417-420. 

?) Recherches sur les formations diluviennes du sud des Pays-Bas. Archives 
Teyler (2) III. 6i®me partie. Haarlem 1891, p- 23, 33. 

*) Recherches sur les formations diluviennes. 1. c. p- 67. 

°) Ueber Holländische Diluvial-Geschiebe. Neues Jahrb. £. Mineralogie. 1857, p. 389. 

) De Bodem van Nederland. II. Haarlem 1860, p. 96. 


)H. von Decnex. Erläuterungen zur geologischen Karte des Rheinlandes und 
der Provinz Westfalen, IL. Bonn 1884, p. 216. 
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Productus striatus is occasionally met with‘), but, like many other 
fossils, it is extremely rare.”) The probability of one of these 
specimens having been ftransported to the Gooi becomes therefore 
nil. On the other hand, as Starıng had already pointed out, they are 
very common at Vise in Belgium, consequently we are justified in 
eoncluding that the above mentioned fragments must be referred to 
that locality. 

Other fossil mentioned by RorMER is the Goniatites sphaericus 
Mart. (Glyphioceras sphaericum), a specimen of which had been 
found near Holten, in Overijsel, and wlose original birth-place he 
elaims to have been the valley of the Roer. This fossil, however, 
is found both at Ratingen and Vise: nothing definite can therefore 
be said with regard to the place of its origin. I may here mention 
that in 1899, Dr. E. Corzıns brought me a fine specimen, well 
preserved and but little polished, which had been picked up in 
the gravel of a garden at Utrecht and was very probably brought 
from the Lek. 

In the railway cutting near Maarn, to the East of Driebergen, I 
found in 1893 a block of crinoidal limestone weighing as much 
as 97 K.G. In that same cutting repeatedly were observed pieces 
of compact black limestone. In 1895, fragments of a very beautiful 
crinoidal limestone were found in the grounds of the villa Houde- 
ringe, near De Bilt, at a depth of abont 1 M. Other pieces of 
black and next to these of grayish compact limestone were found 
in a railway cutting half way between the stations of De Bilt and 
Soest. On the whole, therefore, it cannot be said that rocks of this 
type are largely represented in the diluvial deposits under considera- 
tion. This is probably owing in a large measure to the sandy nature 
of the diluvium of those parts which allows the moisture of the 
atmosphere to penetrate to the limestone and gradually dissolve it. 
The same physical conditions are probably also responsible for the 
paueity of erraties of this description in the Provinces of North- 
Brabant and Limburg, and in the Campine. A. ErENS found fragments 
of erinoidal limestone near Öudenbosch, ‘) E. Druvaux of carboni- 


1) H. von Decken. |. c. p. 211. 


2) C. Dantz did not even come across a single specimen in the distriet of Aix- 
la-Chapelle. (Der Kohlenkalk in der Umgebung von Aachen. Zeitschr. d. D. geolog. 
Ges. XLV. Berlin 1893. p. 611). 

3) L. &. pe Konmex. Recherches sur les animaux fossiles. le partie. Mono- 
graphie des genres Produetus et Chonetes. Liege 1847. p. 30. 


4) Recherches sur les formations diluviennes 1. c. p. 67. 
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ferous limestone in a gravel pit at Gelieren near Genck !) and J. 
Lorı£ at Smeermaes and Lancklaer, on the Zuid-Willems canal. 

The original home of these various limestones cannot be determined 
with any certainty. However, as numerous layers of crinoidal lime- 
stone are present in the distriets of Aix-la-Chapelle and Stolberg °) 
as well as in the valley of the Meuse, more’ especially near Dinant, 
it seems rational that we should in the first place look to these parts 
for their origin ®).. In any case they must have been transported 
along the Meuse, for the,distriet Aix-la-Chapelle—Stolberg is drained 
by the Geul, the Inde and the Worm, which all three flow into 
the Meuse. 

Finally Rormer gives in his treatise a description of fragments of 
phthanite, found near Ootmarsum, in ÖOverijsel, which he thinks 
derived from the layers of culm on the lower Rhine. This conjeeture 
is not inadmissihle, but at the same time the fact must not be 
overlooked that this kind of rock is also plentiful in the valley of 
the Meuse. 

Jurassie System (Oxfordian). In the foregoing pages mention has 
already been made of a piece of brownish yellow sandy clay, found 
by J. Lorı® on the Wageninger hill (Guelders) in which was inbedded 
a perfect specimen of Rhynchonella Thurmanni Voltz, in every respect 
similar to the fossils of this species found at Vieil-Saint-Remy, to the 
South-West of Mezieres in the department of the Ardennes 4). kl 
is the only fossil of this type discovered in our country, although 
in the diluvium of South Limbourg and Northern Belgium, Jurassie 


I) Les anciens depöts de transport de la Meuse, appartenant ä l’assise mosdenne 
observes dans les ballastieres de Gelieren pres Genck en Campine. Ann.. Soc. geol. 
de Belgique XIV. 1886—87. Liege 1887, M&m. p. 103. 

Here again, as at Maarn, he ascribed their presence to an “acceident”, 


?) J. Beisser. Ueber Struktur und Zusammensetzung des Kohlenkalks in der 
Umgebung von Aachen. Verhandl. naturh. Vereins Rheinl. u. Westf. XXXIX. Bonn 
1882. Corresp. Bl. p. 92. 


®) En. Duront. Notice sur les gites de fossiles du calcaire des bandes carboniferes 
de Flourens et de Dinant. Bull. Acad. roy. de Belgique (2) XII Bruxelles 1861 p- 293. 

Ep. Duront. Essai d’üne carte geologique des environs de Dinant I. ce. (2) XX. 
1865. p. 621, 622, 629. 

Eon. Duront. Carte geologique des environs de Dinant. Bull. Soe. geol. de Fr. (2) 
XXIV. Paris 1866—67 p. 672, 673. 

Ep. Dupoxt et MicHer MourLon, Explication de la feuille de Dinant. Muse d’hist. 
nat. de Belgique. Service de la carte geolog. du Royaume. Bruxelles 1883, pP. 9, 
26, 33, 34, 53 et passim. 


*) Contributions & la geologie des Pays-Bas. Archives Teyler (2) III. Haarlem 
1887, p. 10. 
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fossils have been frequenily met with. We find them already men- 
tioned by J. T. BINKHORST VAN DEN BINKHORST '!). 

FR. SEGHERS discovered a Rhynchonella and part ofan Ammonites 
at Genck ?). Close to this place, at Gelieren, E. Denvaux frequently 
came across remains of “calcaire a Chailles”” ’). C. MaLasE gave a 
deseription of petrified Nerinea found at Rothem and an Isastraea at 
Jambes, near Namur ‘). A. Erens mentions a few other fossils *) and 
finally we have an account of a yellow oolite, discovered by E. van 
DEN Brock among the erratics of the Meuse, and here we call 
attention to the peculiar siliceous oolites scattered about the plateau of 
the Meuse and which probably belong to the jurassic system °). As 
yet no trace of similar oolites has been discovered North of the Rhine, 
but J. Lori noticed some in the borings of a well at Mariendaal, 
near Grave’). A few weeks ago Mr. L. Rurten found a small pebble 
in the diluvium at Kollenberg, near Sittard. 

Tertiary system. (Eocene). Very interesting are the accounts of 
the discovery of erraties comprising speeimens of Nummulina laevigata 
Jam. Ferv. Rosmer has given a description of a fragment of this 
kind derived from Holten, in Overijsel, but believed it to have only 
accidentally found its way among the erratics‘). Srtarına made 
mention of a couple of rounded-off pieces of hornstone, one of which 
had been found on the rising ground of Hellendoorn and the other 
on the Steenshul, near Oldebroek, and which he referred to the Alps? 
«]f we did not know the place where these specimens were obtained, 
«we should be rather inclined to think they came from a collection 
“in which the objects had been confused and believe these rocks to 


1) Esquisse geologique el pal&ontologique des couches eretac&es du Limbourg. 
Maastricht 1859. p. 7. 

2) Ann. de la Soc. malacolog. de Belgique X. Bruxelles 1875. Bull. p. XXXIV. 

3) Les anciens depöts de transport de la Meuse, appartenant & l’assise mos6enne 
observes dans les ballastieres de Gelieren pres Genck en CGampine. Bull. Soc. 
geolog. de Belgique XIV. 1886/87. Liege. 1887. M&m. p. 102. 

4) Sur quelques fossiles du diluvium. Ann. Soc. malacolog. de Belgique X. 
Bruxelles 1875. Bull. p. IV. 

5) Note sur les roches eristallines 1. c. p- 413. 

6) E. van ven Broecr. Les cailloux ‚oolithiques des graviers terfiaires des hauts 
plateaux de la Meuse. Bull. Soc. belge de Geologie IN. Bruxelles 1890 p. 404—412. 

X. Stramıer, Origine des cailloux oolithiques des couches & cailloux blancs du 
bassin de la Meuse. Ann. Soc. geolog. de Belgique XVII. 1890—92, p. CV, 92. 

E. van ven Broeex. Coup d’oeil synthötique sur ’Oligocene belge. Bull. Soc. belge 
de Geologie VII. Bruxelles 1893 p. 25, 266. 

7) Beschrijving van eenige nieuwe grondboringen, Verhandel. K. Akademie v. W. 
de sectie. VI, N. 6. Amsterdam 1899, p. 33. 

8) Ueber Holländische Diluvial-Geschiebe. Neues Jahrb. f. Min. eh 392, 


Proceedings Royal Acad. Amsterdam. Vol. VII. 
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“have been picked up near Brussels ')”. K. Marrın ’) and J. Lorı£?) 
in fact assign them also to that locality; they forget, however, that 
no strata of nummulitie limestone are known to exist there *). Their 
origin lies much farther South. In 1863 J. GosseLert had already 
indicated the original source of these “silex a Nummulites”, of which 
a few years later he published a description*). They are dispersed 
in large quantities in the arrondissement of Avesnes, in the department 
du Nord, more especially in the environs of Trelon °) where, on 
account of their hardness, they are frequently used for the paving 
of roads. 

Since ihen numerous fragments of this rock have also been found 
in Belgium, specially on the plateau situated between the Meuse and 
the Sambre, e.g. around Silenrieux, Sivry, Clermont, ete., as well 
as in parts Iying further West ’). 

The second question which we have to examine, is the period at 
which these rocky fragments from the Ardennes have been trans- 
ported to distriets at present situated North of the Rhine. The view 
expressed by Starına that this transport has taken place before the 
deposition of Scandinavian erratics, seems at present also satisfactorily 
established, for those carried by the Meuse. In the railway cuttings 
at Maarn and Rhenen, rocks of diverse origin lie together in friendly 


!) De Bodem van Nederland. II. Haarlem 1860, D289 
2) Niederländische und Nordwestdeutsche Sedimentärgeschiebe. Leiden 1878, p. 37. 


3) Les metamorphoses de l’Escaut et de la Meuse. Bull. Soc. belge de Geologie, 
IX. 1895 Bruxelles 1895—96, Mem. p. 60. 


*) E. van pen Brorcr. A propos de l’origine des Nummulites laevigata du gravier 
de base du Laekenien. Bull. Soc. belge de Geologie. XVI. 1902. p. 580. 

5) De l’extension des couches a Nummulites laevigata dans le norddela France, 
Bull. Soc, g&olog. de la France (3) II. 1873—74. Paris 1874, p. 51—58. See also 
Ann. Soc. geol. du Nord. 1. 1870—74. Lille, p. 36. 

%) Compte-rendu de l’excursion du 7 Septembre [1874] a Trelon 1. ce. p. 681. 
Leriche. L’Eocene des environs de Treion. Ann. Soc. geol. du Nord. XXXI. Lille 
1903. p. 179. 


7) Micner Mourron. Sur les amas de sable et les blocs de gres dissimines & la 
surface des collines famenniennes dans l’Entre-Sambre-et-Meuse. Bull. Acad. roy. 
de Belgique (3) VII. Bruxelles 1884, p. 301-303. 

A. Ruror. Sur l’äge de gres de Fayat. Bull. Soc. belge de Geologie I, 1887, 
p- #7. 

L. Bayer. Premiere note sur quelques döpöts tertiaires de l’Entre-Sambre-et-Meuse. 
Bull. Soc. belge de Geologie X, 1896. Bruxelles 189799 p- 139— 140. 

G. Verse. De l’extension des sahles 6ocenes laekeniens & travers la Hesbaye et la 
Haute Belgique. Ann. Soc. geolog. de Belgique, XXV, 189798. Liege, p. CLXV. 

A. Brıarr. Notice descriptive des terrains tertiaires et cretaces de Entre-Sambre- 
et-Meuse. Ann. Soc. geolog. de Belgique XV. 1837—88, p. 17, | 
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juxtaposition and intermixture, which proves that they must have 
been carried together and at the same time to the place where they 
are found at present. From the shape of the front moraine, we con- 
elude that the direction of the transport was from the North-East. 
The erratics nowadays found at the surface have been gradually 
denuded by the action of water and wind. It is therefore evident 
that originally these erratics were transported much farther to tlıe 
North and East, than their present place of deposit, because they 
were seized by the advaneing Baltic icestream and carried along 
together with the material of its moraine. We are therefore justified 
in fixing the period of the transport of the boulders from the Rhine 
and Meuse at the commencement of the epoch of maximum glaciation 
(Saxonian). 

A far greater diffieulty presents itself when we attempt to deter- 
mine in what way this transport has taken place, for it can only 
have been effected by the agency of a river or a glacier. The 
hypothesis that all these boulders should have been carried along 
by the Meuse in its downward course, is scarcely admissible. Even 
leaving out of account the finding of rocky fragments from the 
Ardennes on the strands of Goedereede and Voorne — not to 
speak of Suffolk, in England —- there remains a large tract of land 
105 K.M. long stretehing from Utrecht to Eibergen, over which these 
erratics are dispersed in the shape of a crescent. If carried by the 
Meuse, its mouths must have extended over a very large area. But 
a greater objection to this theory is that, in that case, they must have 
been transported across the Rhine (at present the IJsel) because 
rocks of this kind are found at places to the East of this river 
(Doetichem, Eibergen, Markelo). Finally, some of these blocks are 
so large that they could not possibly have been transported by a 
river. Besides, some of them present no marks of polish, which is 
another argument against their transport by running water. 

For the better understanding of these objections we quote a few 
examples from the Province of Limburg and the Campine. A. Erens 
found in the environs of Maastricht numerous large blocks of Cam- 
brian quartzites, one of which was 3 M. high, 2,6 M. long and 
0,6 M. in width, computed to weigh about 12400 K.G.'). More 
important still are the blocks of sandstone found in the diluvium 
of the Campine at Holsteen-Molenheide, near Zonhoven, in the neigh- 
bourhood of Hasselt, H. Durvaux noticed blocks measuring from 4 


1) Note sur les roches cristallines 1. c. p. 412, 417. Mr. L. Rurten informed 
me that in the neighbourhood of Sittard similar boulders reach a diameler of 
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to 36 M. cub, weighing from 10600 to 95400 K.G.!). He believed 
them to belong to the landenian stage of the eocene system. His 
opinion, that they covered the plateau of the Ardennes (where 
CH. Barroıs was the first to discover similar masses ’), to a height 
of 672 M., has been much contested. E. van DEN Brozck celassed these 
sandstones first among the triassic system °), afterward referred them 
to the oligocene system ‘), and finally suggested they might either be 
oligocene, miocene or pliocene, but certain] y not eocene°). &. DEwALQUE 
pronounced them to be- miocene °), whilst O. van ERTBORN sought 
their origin in the pliocene system ?), more especially in the diestian 
group‘), but was of opinion that they must be regardel as the 
remains of a “delta caillouteux” °). M. Movrton, on the contrary, 
held that they had been formed in the vieinity of their present place 
of deposit, by the fusion of the “sable de Moll” '%), an opinion 
which cannot be maintained, because similar blocks are present in 
the diluvium of Maastricht where no trace of this sand exists !'). 

J. GOSSELET compares these rocks with the fresh water-quartzites of the 
diluviam of the Rhine and, with reason, thinks that they belong 
to the oligocene system '®). At all events it is universally admitted 
that the Ardennes have been covered by extensive layers of tertiary 


!) Description sommaire des blocs colossaux de gres blane cristallins provenant 
de l’etage landenien superieur..... en differents points de la Campine limbour- 
geoise. Ann. Soc. geolog. de Belgique XIV. 1886— 87. Liege 1887. M&m p. 117—130. 


?) Sur l’etendue du systeme tertiaire inferieur dans les Ardennes. Ann. Soc. 
geol. du Nord. VI. Lille 1879, p. 371. 
3) Ann Soc. roy. malacolog. de Belgique XVI. Bruxelles 1880. Bull. p. LXXIV. 


*#) Note preliminaire sur le niveau straligraphique de la Belgique et de la region 
d’origine de certains des blocs de gres quartzeux de la Moyenne et de la Basse- 
Belgique. Bull. Soc. belge de Geologie IX. 1895, Bruxelles Proc. verb. p. 94—99. 


5) Les gres erratiques du sud du Demer et dans la region de Heurcr. Bull. 
Soc. belge de Geologie XV. 1901. Bruxelles 1902. Proc. verb. p- 628. 


°) Ann. Soc. geolog. de Belgique. XIV. 1886-87. Liege 1887. Bull. p. 18. 


?) Le Quaternaire dans le sud de la Belgique. Bull. Soc. belge de Geolog. XV. 
1901. Proc. verb. p. 662. 


?) Quelques mots au sujet des divers niveaux greseux du tertiaire superieur 
dans le nord de la Belgique. 1. ec. p. 632. 


?) Contribution & 1’Etude des Elages rupelien, bolderien, diestien et poederlien, 
l. e. XVI. 1902. Mem. p. 65. 

10) Compte rendu de l’exeursion geologıque en Campine les 23, 24 et 25 sep- 
tembre. 1. c. XIII. 1899. M&m. p. 205, 213, 214, 

1) Arpır. Erens. Note sur les voches eristallines 1. e. Pl. XI. 

12) W’Ardenne. Paris 18S8, p. 832, 
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system, as has been pointed out by M. Lousst ‘), X. Sramıer ?), 
J. Corner *) and others. 

Before stating our reasons for supposing the presence of a gla- 
cier in the Ardennes during the second glacial period, we are 
willing to admit that J. Gossswet, who of all geologistst knew most 
of this mountain range, remarked in reference to this hypothesis : 
“on n’en trouve aucun indice serieux” ‘). Indeed we have but few 
indications in support of it. The first to draw attention to this ques- 
tion was FR. van Horkn, who at the time of the making ofthe rail- 
way line between Tirlemont and Jodoigne, found near Bost blocks of 
quartzites from the Ardennes which presented marks quite similar 
to the striae caused by glaciers. Van Horkn, however, did not feel 
justified in drawing from this discovery the conelusion of the former 
existence of a glacier °). A year later ©. Marnaıse observed similar 
marks on blocks of quartzites on the banks of the (rande Geete, 
elose to the spot formerly occupied by the Abbey of Ramez-les- 
Jochelette, about 10 K.M. from Bost°). G. Dewangur believed to have 
seen unmistakable striae on blocks of quartzites in the valley ofthe- 
Ambleve, near Stavelot, on the “Hohe Venn’”’). E. DeLvAaux also 
noticed these horizontally parallel seratches, but believes them to 
have been produced by a “torrent entrainant et roulant pele-mele 
des sables et des cailloux.” °). 

Finally, South of Stavelot, on the road to Somagne, G. DswALQUE 
discovered giants’ kettles formed by the agency of glaciers ’). It is 
regrettable to find that the more detailed study of this subjeet has 
been much impeded by the practice in Belgium of giving the name 


1) Les depöts tertiaires de la haute Belgique. Ann. Soc. geolog. de Belgique XV. 
Liege 1887—88. Mem. p. 59. 

2) Le gräös blanc de Maizeroul. Ann. Soc. geolog. de Belgique XVII. Liege 
1890— 91. Mem. p. 61. 

3) Etude sur l’Evolution des Rivieres belges. Ann. Soc. geol. de Belgique XXXI. 
1903-04. Mem. p. 317, 355. 

s) L’Ardenne, p. 843. 

5) Note sur quelques points relatifs a la geologie des environs de Tirlemont. 
Bull. Acad. roy. de Belgique (2) XXV. Bruxelles 1868, p. 645, 664; 1 Pl. 

6%) Roches usees avec cannelures, de la vallee de la grande Geethe. 1. c. (2) 
XXVI, 1879, p. 682--685. 

7) Sur la presence de stries glaciaires dans la vallde de l’Amblöve. Ann. Soc. 
geolog. de Belgique. XII. 1884—85. Liege. 1885. Bull. p. 157—158. 

8) Note suceincte sur l’excursion de la Societ6 geologique A Spa, STAVELOT et 
LAMMERSDORF en aöut-septembre 1885. Ann. Soc. roy. malacol. de Belgique XX. 
Bruxelles 1885, M&m. p. 19. 2 

%) Marmites de geants pres de Stavelot. Ann. Soc. geol. de Belgique. XXV. 
1897—98, p. CXXXVI. 
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of pseudoglacial to all kinds of bosses and seratches which elsewhere 
would scarcely be so called, because they do not in the lezst resemble 
the striae of glaciers '). 

This absence of positive characteristics is however easily explained. 
Leaving alone the fact that as yet no thorough investigation of the 
subject has been made, the condition of the Ardennes themselves 
are very unfavorable to research. Its dense forests, fens and heaths 
make it diffieult to reach the surface of the rocks, whose harder 
layers are only capable of preserving marks. The reason why so 
few traces are found on the sides of the valleys and on the plateau 
of the Meuse becomes plain, when we remember that during the 
period following the receding of the Northern glacier, the waters 
of the Meuse rose 200 M. above the level of the sea, and not only 
filled the whole valley but inundated the plateau of the Meuse and 
thus destroyed the traces left by the glacier. 

Of this we find the clearest proofs in the terraces which have 
retained their boulders. ”) Besides, exactly the same thing happened 
with the Rhine and its tributaries. The sand and small pebbles 
carried along by their waters must necessarily have almost entirely 
obliterated the marks of the glaciers left on the rocks ); 

Striae, however, are not the only evidences of the action of a 


1) X. STAmıER. Stries pseudo-glaeiaires en Belgique. Bull. Soc. belge de Geologie 
X. Bruxelles 1896. Pr. verb. p. 212—216. 

E. van pen Broeck. Contributions & l’6tude des phenomönes d’alterations 
dont l’interpretation erronee pourrait faite croire A Yexistanee de stries glaciaires. 
I, e. XI. 1899. Mem. p. 323—334. Pl. XX. 

G. Sımoens. Sur une roche presentant des stries pseudo-glaciaires en Condroz. 
ı l. ce. Pr. verb. p. 222 —293. 

2) E. Dupont et M. Mourton. Explication de la feuille de Dinant. Bruxelles 
1883, p. 100. 

A. Ruror. Resultats de quelques explorations dans le Quaternaire de la Meuse. 
Bull. Soc. belge de Geologie. XIV. Bruxelles 1900. Pr. vorb. p-. 259, 260. 

X. STAmıEeR. Le cours de la Meuse depuis l’ere tertiaire l.c. VII. 1894 Mem, 
p- 84. Pl. VII. 

E. van DEN Broeck. Coup d’oeil synthetique sur 1’Oligocöne belge et les obser- 
vations sur le Tongrien superieur du Brabant I. e. VII. 1893, p. 255, 256, 266. 

E. van pen Broecx. Expose sommaire des observations et d&couvertes stratigra- 
phiques et pal&ontologiques faites dans les depöts marins et fluvio-marins du Lim- 
bourg pendant les ann6es 1880—81. Ann. Soc. roy. malacolog. de Belgique XVI 
Bruxelles 1881. Bull. p. CXXV-CXLIL. 


3) It might be suggested that the transport of these boulders had taken place by 
means of ice-floes, but Mr. Lotiesr has demonstrateil in the most positive manner 
that these ice-masses are incapable of effecting a notable remoyal. He comes to 
the conclusion that among the present climatie conditions no explanation can be 
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glacier and one might veasonably expect to find in the valleys 
some remains of the wall of moraines. That this is not the case 
may be accounted for by the supposition that the great Baltic ice- 
stream has travelled farther south and in its course also destroyed 
these evidences. As there exists a great diversity of opinion with 
respect to this forward movement of the ice-stream, it seems necessary 
here to state what is known of the dispersion of Scandinavian 
erratics in the Provinces of Limburg and North-Brabant and the 
Campine. 

As long ago as 1778, J. A. ps Luc mentions the discovery of 
blocks of granite between Postel and Alfen, and also near Lommel 
and Helchteren !). Subsequently, J. J. n’Omauıus p’HALLoY drew 
attention to the numerous blocks of granite and other fragments of 
“primordial” rocks found on the heath of the Campine. “La quan- 
“tite de ces blocs doit &tre ete immense; car quoiqu’on fasse 
“un grand usage pour paver les rues, ainsi que pour faire des 
“jetees le long de la mer et des rivieres, on en voit beaucoups 
“dans les bruyeres’”.?) And EnGELspacH—Larivikre adds the infor- 
mation that some of these blocks of granite measured several 
M. cub.°’) Somewhat later again, J. G. S. van Brkpa mentioned 
the finding of two pebbles of granite in the subsoil of Maastricht, 
very justly remarking that these rocks must be regarded of later 
date than those transported from the Ardennes ‘). At that time he 
already spoke of blocks of granite found at Oudenbosch, in North- 
Brabant °). Starıng expressed the opinion that these erratics had been 
brought there by “some accidental means or other” "), although a 
short time before NoRBERT DE Warı, had recorded the finding, at 
Weelde, 10 K.M. to the NNE. of Turnhout and also at Poppel, 


found for the transport of the blocks of (uartzites from the Ardennes. (Sur le 
transport et le deplacement des cailloux volumineux de l’Ambleve. Ann. Soc. 
g6&ol. de Belgique. XVII. Liege 1890—91. Bull. p. GVI—CIX). 

1) Lettres physiques et morales sur l’histoire de la terre et de l’'homme. IV. 
Paris et La Haye 1779, p. 54, 57. 

2) M&moires pour servir ä la description geologique des Pays-Bas, de la Flandre 
et de quelques contrees voisines. Namur. 1828, p. 204, 205. 

3) Considerations sur les blocs erratigues et roches primordiales Bruxelles. 1829 
(fide P. Cosers. Ann. Soc. roy. malacolog. de Belgique. XVI. 1881, Bull. p. LIV). 

4) Natuurk. Verhandel. van de Holl. Maatsch. v. Wetensch. XIX. Haarlem 
1831, p. 3. 

ö) The biggest one originally weighed + 5300 K.G. (V, Becker). Het zwerfblok 
van Oudenbosch en zijne omgeving. Studien op Godsdienstig, Wetensch. en 
Letterk. Gebied. XXX. Utrecht. 1888, p. 25). 

6) De bodem van Nederland Il. Haarlem 1860, p. 78. 
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half-way between the last-named place and Tilburg, of erraties one 
of which weighed 200 K.G.'). G. DerwAqus then again mentioned 
two pebbles of granite found in the neighbourhood of Maastricht’). 
It is only during the last ten years that a deeper interest has been 
taken in the study of this subject, with the result that the presence 
of erratics of Northern origin has been ascertained in several places, 
as we gather from the writings of ©. Bamrs, V. Becker, E. VAN DEN 
Brozck, P. Cockts, B. Dervaux, &. DewALquE, A. ERENS, OÖ. van 
ERTBORN, J. Lorif, A. Renarp and CH. DE LA VALLEE—Poussin. 

Another fact worthy of notice is the presence, at these very places, 
of boulders derived from the district of the Rhine. The first indications 
of such finds, by G. DewAngquz, are rather questionable. They were 
fragments of rocks from the lava of Niedermendig, near Andernach, 
frequently met with in the valley of the Ambleve, but were believed 
to have been fragments of mill-stones, formerly used at Stavelot and 
Malmedy. Subsequently E. Dervavx found a few pieces of lava and 
pumice stone in the diluvium of te Campine °) ; but it was A. Erens 
who discovered and described a great number of rocks derived from 
the Rhine distriet, eomposed of lava from Niedermendig, pumice 
stone and Taunus-quartzite ). These were followed at a later 
period by trachyte from the Drachenfels, basalt and hornblende- 
andesite from the Siebengebirge, and melaphyre and agate from the 
basin of the Nahe‘). The discovery of these fragments in the North 
of Limburg admits of no other interpretation than that these rocks 
must have been carried South, simultaneously with the detritus from 
Scandinavia. 

It cannot be denied that fewer erraties from Sceandinavian rocks 
are found South of the Rhine than North ofit. We give the following 
reasons in explanation of this fact: 1°. During the progress of the 
Baltic icestream in a South-Western direction, the Seandinavian drift 
must already have lost a certain“ portion of its material by the mix- 
ture of the debris of its own moraine with that of other sources; 
2nd. It must have suffered further loss by mixing with the moraine 


!) Bull. Soc. pal&ontolog. Bruxelles p. 36. (Seance du 5 Septembre 1858). 
?) Prodrome d’une description geologique de la Belgique. Bruxelles et Liege. 
1868, p. 237. 


?) Les anciens depöts de transport de la Meuse, Ann. Soc, geol. de Belgique 
XIV. 1886—87. Mem. p. 102. 


*) Note sur les roches ceristallines.., Ann. Soc. geolog. de Belgique XVI. 1888— 
89. Mem, p. 414, 439—441, 444, 


5) Recherches sur les formations diluviennes du sud des Pays-Bas. Archives 
Teyler (2) II. 6°we partie. Haarlem 1891. Tableaux synoptiques I—V 


A. WICHMANN. “On fragments of rocks from the Ardennes found in the Diluvium 
of the Netherlands North of the Rhine.” 
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debris of the glacier from the Ardennes; 34, The melting process 
commenced soon after reaching its Southern limit. It was only during 
its receding course that the Baltic ice-stream remained for some time 
stationary, and in this period of inaction was formed the front 
moraine extending from the South coast of the Zuiderzee to Grebbe 
and further as shown by J. Lori), over Nimeguen to Crefeld. 
The glacierformations, at present situated South of the Rhine, were 
afterwards, i.e., during the inter-glacial period, exposed to the turbulent 
waters of the Meuse, which, as has been stated above, rose 200 M, 
above the level of the sea, at least between Namur and Dinant, — 
proof of which is afforded by the high terrace. Although this terrace 
slopes down towards the North, near Nimeguen, it still reaches a 
height of between 50 and 100 M. + A.P.?). Owing to this action 
of the Meuse, the erratics found in North-Brabant and Limburg are 
generally smaller and more polished than those of the diluvial depo- 
sits North of the Rhine. And lastly, a great portion of the glacier 
formation has got hidden from view by the large alluvial tract of 
the Rhine delta, which has been formed after the breach of this 
river at Nimeguen and subsequent alterations of the level by dis- 
locations. 

Anyhow, it is entirely out of the question to admit that in the 
beginning of the quarternary period the Meuse had its outlet into the 
sea, & little North of Maastricht and. formed there an estuary, — 
a theory put forwards by M. Mourrox ?) and A. Rutor ‘). As J. Lorıf 
justly observes, not a single indication exists of the sea having 
extended so far inland. 


1) J. Lorıs. Le Rhin et le glacier scandinave quaternaire. Bull. Soc. belge de 
Geologie XVI. 1902. M&m. p. 129—153. N. VIII. 

2) ]. c. p. 181. The high terrace of the valley of the Meuse is generally 
considered of pliocene formation, but the presence of Scandinavian erralics in 
places situated farther North, e. g. Mook, Nimeguen, ete,, proves that it must have 
been formed after the receding of the Baltie ive-stream. 

3) Les mers quaternaires en Belgique. Bull. Acad. roy. de Belgique (3) XXX. 
Bruxelles 1896 p. 671—711. La faune marine du quaternaire moseen revelde par 
les sondages de Srrvgeek (Meerle) et de WoRrrer, pres de HoossTRAETEn en Gam- 
pine. 1. c. (3) XXXIIL 1897, p. 776—1782. 

4) Les origines du quaternaire de la Belgique. Bull. Soc. belge de Geologie. XI. 
Bruxelles 1897, p. 117. 

6) De hoogvenen en de gedaantewisseling der Maas in Noord-Brabant en Limburg. 
Verhandel. K. Akad. van W. Tweede Sectie II. No. 7. Amsterdam 1894, p. 10, 
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. D b 
Chemistry. — “The boiliny points of saturated solutions in binary) 
systems in which a compound occurs”. By Prof. H. W. 
BaxHuIs ROOZEBOOM. 


(Communicated in the meeting of November 25, 1905). 


In a previous communication ') it has been ascertained what 
branches in the three-phase lines for solid, liquid and vapour may 
occur in binary systems in which a solid compound appears, namely 
for the three cases that: 

a. the vapour pressure of the liquid mixtures diminishes gradually 
from the component A to the component B; 

b. liquid mixtures occur with a minimum pressure; 

c. liquid mixtures occur with a maximum pressure. 

For the right understanding of the behaviour of such systems it 
is particularly desirable to ascertain what is the order of the pheno- 
mena which appear with different mixing proportions of the components 
when these, at a constant pressure, are brought from low to high 
temperatures. 

If those pressures are very low the mixtures, at a sufficiently 
!ow temperature, are completely solid, and on elevation of the 
temperature, they pass gradually and, at last, completely into vapour, 
therefore simply a sublimation oceurs. 

If the pressures are sufficiently high (in the case of components 
which ‚are not too volatile, 1 atm. is quite suffieient), the solid sub- 
stances pass gradually and, at last, completely into liquid and these 
liquids evaporate at still higher temperatures. In this case, fusion 
takes place first and evaporation afterwards. 

With moderate pressures, however, the melting and evaporation 
phenomena partly coineide, namely when pressures are chosen which 
oceur on the three-phase lines of the components or the eompound. 

What cases may be distinguished when no solid compound appears 
has been fully investigated previously, by me. ?) 

Particular attention has been called to the fact that the three- 
phase line of the component B may be sometimes interseeted twice 
at {he same pressure, which is possible when this line exhibits the 
branches Ia and Id, described in the previous communication. (See 
line BD in fig. 1 and 6). In such a case two separate boiling 


!) These Proc. VIII, p. 455. I learned that Dr. Suırs had also come to the 


conelusion that the minimum on the three-phase line did not coincide with 
point A. 


°) Heterogene Gleichgewichte, Heft 2. p. 338, et seq. 
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points of solutions saturated with solid B oceur, one on branch 15 
and another on branch 1a. At the last point, boiling does not take 
place on heating but on cooling. The t£, «-figures at a constant 
pressure have been deduced by me, and the phenomena, in solutions 
of salts in water and of sulphur in carbon disulphide, have been 
demonstrated by Smits and pe Kock. 

The figures 1, 3, 5, 6 show at once that this same case may 
also oceur in solutions saturated with a compound of the two com- 
ponents as soon as their three-phase line shows branch 15 as well 
as la. Examples of two boiling points of the saturated solution have 
not thus far been noticed in binary compounds although they should 
be far from rare. 

In compounds where, among the saturated solutions, there is 
present one with a minimum pressure (Fig. 3), a second boiling 
point of the saturated solution might occeur with solutions either 
richer in A or in B; in fact a third boiling point at the side of 
the solution richer in D would be possible if the point D in fig. 3 
were situated so low that, at the same pressure, the branches D7', 
T,T, and 7T,A could be interseeted in succession. The saturated 
solution would then in succession first disappear, then reappear to 
finally disappear once more. Examples belonging to this case have 
thus far not been sufficiently studied. 

If branch 3 of the three-phase line exists for the solutions richer 
in D (GD in Fig 1 and 6, @ Hin Fig. 3 and 5), then if this 
line is crossed, there oceurs at a constant pressure a boiling point 
of the saturated solution of a different nature from that on branch 1. 
The ti, x-figure of such a case is quite analogous to that derived by 
me) for saturated solutions of the component A whose three-phase 
line in Fig. 1, 3, 5 always indicates branch 3. On boiling the solution 
saturated with A the following transformation takes place : 

solid + liquid > vapour. 

As solid and liquid now pass together into vapour in a definite 
proportion, it now depends on the quantity of those two plases 
which of the two disappears at the boiling point. This case occurs 
for instance on the three-phase line for ice in systems of water and 
little volatile substances as salts, also on the three-phase line for 
solid CO, in mixtures of CO, with less volatile substances such as 
alcohol. 

The same must now also serve for compounds in so far branch 3 
oceurs therein. Among the binary systems whose liquid-vapour pres- 


ı) Heter. Gleichg. II. 341 et seq. 
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sure always diminishes from Ato 2, the branch 3 has thus far only 
been found with IC, and ICl, as observed in the previous communi- 
cation. From STORTENBEKER’S experiments, it may be deduced that for 
IC, the branch 3 extends from 34° at 100 mm. to 22°7 at 42 mm., 
for ICl from 22° at 24 mM. to 8° at 11 mM. The peculiar boiling 
phenomenon is, therefore, only possible between these temperatures 
and pressures, but has not been expressly stated in the solutions 
saturated with ICl, or ICl. 

In binary systems in which a liquid with a minimum pressure 
oceurs on the three-phase line -of the compound, branch 3 must 
always appear as shown in fig. 3 or 5. Among the examples eited 
in the previous communication, there are sure to be found some 
where the simultaneous boiling of the-solid phase and the solution 
may take place at 1 atm. pressure. 

Another kind of boiling-phenomenon may, finally, take place on 
branch 2 of the three-phase line of a compound. This branch cannot 
occur with the components, for the peculiarity of the branch consists 
in this that the saturated solution contains an excess of the compo- 
nent B, whilst the saturated vapour contains an excess of-4; the 
compound is, therefore, the phase whose composition is situated 
between those of the two others. This is, of course, only possible 
with a compound and not with one 'of the components. 

According to Fig. I, 3, 5, 6 ofthe previous communication branch 
2 must oceur with all compounds where coexisting liquids with an 
excess of B are possible, for it: commences immediately at the 
melting point. 

‘Now, this is possible with a number of hydrated salts which, 
below their melting point, yield saturated solutions with excess of 
salt; but the appertaining pressures are then generally so small that 
the boiling phenomenon cannot be readily observed. In the case of 
salt-hydrates which occur at a higher temperature so that the equi- 
librium-pressure on their three-phase line might amount to 1 atm., 
the solutions richer in salt seem to be very rare and no example is 
known to me. 

An example is, however, known if H,O is replaced by NH,. With 
the compound NH,Br.3NH,, branch 2 appears and the pressures 
are even greater than 1 atm. In this case the boiling phenomenon 
has been observed by me. 

Branch 2 has, however, been met repeatedly in my previous 
researches on gas-hydrates where water is then the component B. If 
we now take those Ihydrates near solutions with more water the 
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vapour generally contains but little water, and we are dealing with 
branch 2. 
The conversion now taking place with heat supply at a constant 
pressure is: 
solid — liquid + vapour. 


In all those cases it is, therefore, not the liquid which boils but 
the compound. The gas is very plainly seen to emanate from the 
erystals Iying in the liquid, whilst the latter does not diminish but 
increases. The phenomenon has been very plainly observed with the 
two hydrates of HCl and of HBr and witlı those of SO, and Cl.. 
With the last two and with HCI1.H,O it could be observed at1 atm. 
pressure. 

It must also exist with ICl but limited between 27° at 39 mm., 
and 22° at 24 mm., much more plainly with IC], where it may 
appear between the melting point 101° at 16 atm. and 34° at 100 mm. 
Between this a three-phase pressure of 760 mm. oceurs at 64°, and 
at the said temperature it may, therefore, be observed in an open 
apparatus. Solid ICl, breaks up into a liquid with 63 and into a 
vapour with 89 atom-percent of chlorine. 

That similar phenomena may also appear in compounds which are 
very stable at a lower temperature, has recently been demonstrated 
by Arten in the case of Bi,S,. This sulphide breaks up at 760° into 
a liquid containing 55 atom-percent of 5 and a vapour consisting 
almost exelusively of S. Therefore, the actual melting point of the 
sulphide cannot be determined at 1 atm. pressure. A similar behaviour 
may be expected of many compounds having a melting point situated 
much higher than the boiling point of one of its components, such 
as in the case of oxides, sulphides, phosphides etc. 

We must point out another peculiarity which distinguishes the 
boiling phenomena on branch 2 from those on branches 1 and 3. 
The.liquids and vapours belonging to the latter are both either richer 
in A or richer in B than the compound : consequently the boiling 
phenomena concerned are observed in systems consisting of the com- 
pound with a smaller or larger excess of one of the components. 
On branch 2 however the vapour is richer in A and the liquid 
richer in 2, therefore tlıe boiling phenomenon can occur in mixtures 
of the compound with A as well as with B. In the first case such 
a system, below the boiling point at the existing pressure, consists 
.of compound + vapour and the liquid appears only at tlie boiling 
point, in the second case, the system below the boiling point eon- 
sists of compound + liquid and the vapour appears at the boiling 
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point, In the partieular case that the compound was perfectly pure, 
liquid and vapour should appear both together at the boiling point. 

This may be made plain by the example of ICl,. The whole 
t, a-figure at 1 atm. is schematically represented by fig.d 


Fig. 7. Fig. 8. 


in which t£, represents the temperature (64°) in question. In the different 
regions (7 represents vapour and Z liquid. The further parts of the 
figure are entirely dominated in their relative situation by that of 
the three-phase lines. On this entirely depends which branches of a 
particular three-phase line will be intersected at the same pressure. 
In fig. 1 (previous communication) a simultaneous intersection ofthe 
branches Ia and Id is only possible on the three-phase line of the 
compound. If, however, as with ICl,, the melting point Z lies at a 
high pressure, a simultaneous intersection of Ib with 2 or 3 is 
possible. This is why in Fig. 7, besides the boiling point t, on branch 
2, t, also occeurs as boiling point on branch 12. 

The pressure of 1 atm. is also higher for ICI or I than their 
three-phase line, consequently for these compositions, melting and 
boiling phenomena occur quite separately and the melting point lines 
of IC and I run quite below the boiling point line. 

lf we take a pressure somewhat lower than 100 mm. we obtain 
a t,x-figure 8. For 1Cl, we now have again z, as boiling point 
on branch 15 and 4, as boiling point on branch 3. For IT Cl, melting 
and boiling are still quite distinet but at a pressure below 100 mm. 
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the three-phase line for solid iodine is interseeted both on branch 
15 and 1a and therefore the eomplication in the figure oceurs at 
the side of the iodine. 

Still greater complications may appear when according to Fig. 3 
(previous communication) there exist liquids with a minimum pressure 
and when consequently the branches 15, 1a and 13 can also appear 
at the side of {he liquids richer in B, whose intersection at an equal 
pressure may coincide eventually with those of branch 2 or branch 
3. When such systems have been more closely investigated it will 
not prove difficult to give detailed Z, z-figures for the same. 


Chemistry. — “The reduction of acraldehyde and some derivatives 
of s. diwinyl glycol (3.4 dihydroay 1.5 hexadiene)”. By Prof. 
P. van RomBurecHu and W. van Dorssen. 


(Communicated in the Meeting of November 25, 1905) 


The reduction of acraldehyde (acroleine) with sodium amalgam ') 
as well as with zine and hydrochlorie acid ?) has been studied by 
LinneMmAnn, who states that he has obtained in the first case propyl 
and zsopropyl alcohol, in the second case isopropyl and allyl alcohol, 
also a substance called acropinacone of the composition C,H,,O,, or 
rather a product of non-constant boiling point, of which the fractions 
boiling between 160°—170° and 170°—180° gave, on analysis, values 
which led to this formula. 

Craus ’) could not confirm the results of LiInnEMmanN as regards the 
formation of isopropyl alcohol in the reduction with zine and hydro- 
chlorie acid. 

GRINER ‘) has also repeated LinneMann’s experiments with the object 
of preparing acropinacone (divinylglycol) but only obtained very small 
quantities of a liquid without constant boiling point which bore no 
resemblance to the glycol which, however, was obtained by him 
in fairly large quantity by reduction of acraldehyde in acetic acid 
solution with a copper-zinc couple. The other products of the reaction 
have not been further described by the author. 

If we consider the formula of acraldehyde in connection with the 


1) Ann. d. Chem. u. Pharm. 125 (1863) S. 315. 
%) Ibid Suppl. III (1864—1865) S. 257. 

3) B. B. Il. (1870) S. 404. 

4 Ann. d. Phys, et Chim. [6] 26 (1892). p. 369. 
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views of TuıeLs on the addition of hydrogen to conjugated systems 
of unsaturated compounds, then on reducing 


CH, CH, 
l | 
CH we might expect CH , 
|y0 I 0H 
Ö C 

NH NH 


an unsaturated alcohol "which, however, by intramolecular atomie 


Ö 

DD > 

shifting would be converted into aan, ‚ propylaldehyde. 
H 


On further reduction this would form propyl alcohol, a substance 
which actually occurs among the products of the reduction. 

Up to the present, propylaldehyde has not been found among the 
substances formed in the reduction of acraldehyde. 

We have, however, succeeded in showing that, although no free 
propylaldehyde may be present, a derivative of this substance is 
formed under certain conditions so that the intermediate formation of 
the said aldehyde is not at all improbable. 

First of all the reduction with zine and hydrochloric acid in ethereal 
solution according to LinNEMAnN has been studied, but we succeeded 
no more than GrINER in isolating a well defined product — besides 
allyl alcohol and perhaps smaller quantities of propyl alcohol ; 
generally, the substance obtained, which boiled between 158°—164°, 
contained much chlorine. 

If, however, we allow zinc dust to act on a mixture of acraldehyde 
and glacial acetie acid ') then, in addition to allyl and propyl aleohol, 
a neutral liquid is formed (b.p. 170°) from which, after fractionating 
in vacuo, a product may be obtained boiling between 59°5—60° at 
15 mm. The analysis and the vapour density lead to the formula 
GHROE 

The compound is not decomposed by potassium hydroxide ; neither 
sodium nor phosphorus pentachloride have any action ; it cannot be 
benzoylated with benzoyl chloride and pyridine. This suffieiently 
proves the absence of OH groups. 

The said properties, however, render it very probable that the 
substance is an ether. By dilute acids it is hydrolysed although but 
slowly. An aldelıyde-like odour appears but, as the reaction proceeds, 
the mass becomes so dark with formation of brownish-black resinous 


1) The action of varıous reducing agents on acraldehyde has been studied. The 
results will be published in due course, 
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products that we have not, as yet, succeeded in isolating well-defined 
compounds. 

Bromine is readily absorbed by it and that in a quantity which 
points to the presence of two double bonds. If we work with a 
solution of carbon tetrachloride at a low temperature, but little hydrogen 
bromide is formed. 

From a substance of the formula C,H,,O, a great many isomers 
are, of course, possible. We cannot enter here into a description of 
the different experiments made in order to elucidate the structure of 
the product obtained, but we may state that we have finally succeeded 
by means of a synthesis, which leaves no doubt whatever. 

If, on s.-divinyl glycol which, thanks to the beautiful researches 
of GRINER, may be readily prepared, propylaldehyde is allowed to 
act for 6 days at 90°, a substance is obtained identical with the one 
described above. 

(Sp. gr. at 12° of the synthetic product 0.9392 


„ ” „ „ original ” 0.9416 
Don at 12° of the synthetice „ 1.4434 
„2, oneinallı 5 1.4430.) 


As to the hehe Peoduch propylidene s. divinylethylene ether, 
must be given the formula: 


| SCH CH. 00H, 
CH-07 


the original must also be considered as a derivative of propylaldehyde. 
It is, of course, possible that there might be formed at first an 
analogous acraldehyde derivative, which afterwards got converted 
into a propylaldehyde derivative, but considering the comparative 
diffieulty with which the vinyl group combines with hydrogen, this 
looks less probable. 

As one of us (v. R.) explained many years ago, s. divinylglycol 
or 3.4 dihydroxy 1.5 bexadiene would form an excellent material for the 
preparation of the hydrocarbon CH, =CH— CH = CH—CH=CH,, 
otherwise hexatriene 1.3.5. 

Different methods which we have tried have not led to the desired 
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end. At last we think we have succeeded by making use of the 
diformate of s.-divinyl glycol, a compound which may be prepared 
by heating this glycol for a short time with formic acid. 

By fractionating in vacuo, the diformate is obtained as a colourless 
liquid which at a pressure of 20 mm. boils at 109° and has a sp. gr. 
of 1.0747 at 11°. A determination of the formie acid (by saponifica- 
tion) gave the amount required for diformate. 

In a communication about to follow, the hydrocarbon prepared 
from the diformate and the method of its preparation will be fully 
described. 

University Org. Chem. Lab. Utrecht. 


Chemistry. — “The occurrence of B-amyrine acetate in some varieties 
of gutta percha”. By Prof. P. van RomsursH and N. H. CoHen. 
(Communicated in the meeting of November 25, 1905). 


Last year, a compound melting at 234° was found by one of 
us (v. R.) in the gutta percha of Payena Leerii') of wnich it could 
be stated that it is not identical with lupeol einnamate, which occeurs 
in many varieties of gutta percha; the quantity was then too small 
for further research. Since then a little more of that product was 
prepared so that it could be proved that on treatment with aleoholie 
potash it yields acetice acid and an alcohol melting at 195°, 

In these Proc. of June 25, 1905 p. 137 it was stated that the 
same product has been found by one of us (C.) in the “djelutung” 
derived from the juice of varieties of Dyera. The identity was shown 
by a comparison of the melting points and by melting point deter- 
minations of mixtures of the two substances. 

A sufficient quantity was now at disposal to determine the nature 
of the compound. 

In the first place, the substance was recrystallised a few times and 
finally obtained in beautiful, long, hard needles which melted at 
235° (corr. m.p. 240°—-241°). 

On analysis (combustion with lead chromate) the following results 
were obtained: 

Caleulated for C,,H,,O, 
C 81.96, 82.08. C 82.06 
H 11.24, . 11.27. 1111 

The compound was found to be dextrorotatory. For the specific 
rotatory power in a chloroform solution [en = 81°.1 was found. 

As stated above, the substance melting at 235° when boiled with 

) B. B. 37 (1904) S. 3443. 
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alcoholie potash yields acetie acid, which was converted into the silver 
salt. A silver determination gave 64.2 °/,, theory 64.67 °/.. 

The alcohol formed on saponification was a colorless substance 
erystallising in long; thin needles and melting at 195° (corr. m.p. 
197°—197.°5). 

The elementary analysis (with lead chromate) gave: 

Caleulated for C,,H,,O. 
C 84.27, 84.12, 84.32 84.50 
11911397. 771.91,814:99 11.76 


This alcohol has also a dextrorotatory power. In a chloroform solution 
it has [@]n = 88°, and in a benzene solution kelo-— 08: 

On treatment with benzoyl chloride and pyridine, the alcohol readily 
yields a benzoate which crystallises in beautiful rectangular little 
plates and melts at 230° (corr. m.p. 234°— 235°). 

After perusing the literature, it now appeared that the alcohol 
melting at 195° is identical with ß-amyrine which oceurs in elemi 
resin and has been investigated and described with great care by 
VESTERBERG !). Not only do the melting points of the alcohol obtained 
from Payena Leerii-gutta percha and ‘“djelutung”, of the acetate 
and the benzoate agree perfectly with the melting points determined 
by VesTErBErG for P-amyrine and its acetate and benzoate, but in 
addition the values found for the specific rotatory power of the alcohol 
from “djelutung” and its acetate differ so little from those which he 
states for ß-amyrine and its acetate ?) that the difference may be safely 
ascribed to experimental errors caused by working with dilute solutions. 

ß-Amyrine has also been found afterwards by TschircH ’) in the 
resin of Protium Carana. It is stated, however, to differ from the 
common f-amyrine by being optically inactive, which seems some- 
what strange. It should be remarked, however, that the cinnamic 
ester of lupeol described by TscHisun ‘) about the same period under 
the name of crystal-albane was also declared to be inactive, although 
we have found this substance having a decided dextrorotatory power. 
A further investigation is therefore a desideratum. 

MaArzx °) has obtained from the milky juice of Asclepias syriaca a 
substance melting at 232°—233°, the melting point of which could 
be raised by repeated erystallisation to 239°—240°. Its analysis led 


ı) B. B. 20 (1887) S. 1242; 23 (1890) S. 3196. 

2) VESTERBERG States for ß-amyrine (in benzene) (21B = 99.81. 
for the acetate (in benzene) [z2]p — 78°.6. 

3) Arch. d. Pharm. 241 S. 149. 

4) Jbid 241 S. 483. 

5) Journ. prakt. Chem. Bd. 68 (1903) S. 385 and 449, en 
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to the formula C,,H,,O, and on saponification it yielded acetic acid 
and an aleohol melting at 192°—193° having the formula G;40! 
The benzoate from the alcohol melted at 229°—230°. 

It can hardly be doubted that Marek has been working with the 
acetice ester of B-amyrine. Fortunately, he has not given a name to 
the product isolated by him, and hence, has not unnecessarily 
increased the already existing confusion. 
 Undoubtedly, the enormous number of substances said to be obtained 
from different resins and milky juices will, on closer investigation, 
be reduced to a more modest number and it will often be shown 
that pure substances described by different names are one and the 
same, but could not be identified owing to incomplete description. 
In other cases, names may have been given wrongly to mixtures or 
impure substances. 

Although it. may seem superfluous, it is as well to again point 
out how necessary it is, when investigating a natural product, to 
purify the components as completely as possible, to fully describe 
the properties and particularly to introduce no new names unless 
one feels certain of really dealing with a new product. 

A short time ago, Tschikca !) communicated the results of an 
investigation of the components of Balata. From this was isolated a 
erystallised substance called «-balalbane melting at 231°, the analysis 
of which led to the formula C,,H,,O, 


(found © 81.19 H 10.38. caleulated C 81.32 H 10.64). 


No acids were found by TscHircH on saponifieation with aleoholie 
potash as he only looked for erystallised acids ?). This made one of 
us (C.) think that. Balata might perhaps also contain acetic esters 
and that the «a-balalbane might be identical witlı ß-amyrine acetate. 

It was not diffieult to isolate by TscHiren’s method the product 
melting at 231°. 

By repeated recrystallisation from acetone, the melting point rose 
to 235°. On saponification, acetic acid was obtained, also an alcohol 
melting at 195°. Ester and aleohol mixed, respectively, with ß-amyrine 
acetate and P-amyrine gave no lowering of the melting point, so 
that «-balalbane is nothing else but ß-amyrine acetate; the name 
a-balalbane may, therefore, be struck out. 


University Org. Chem. Lab., Utrecht. 
l) Ann. d. Pharm. 243 (1905) S. 358. 
?) TscummeHn comes to the conclusion that there exist gutta perchas which yield 


no cinnamie acid on Lreatment with aleoholie potash, but I have demonstrated 
this fact previously (B. B, 37 S. 3484), (v. R.). 
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Mathematics. — “The quotient of two successive Bessel Functions.” 
By Prof. W. Karrern. 


If, PH(e) and /’2) represent two successive Bessel Functions of 

the first kind, the quotient may be expanded as follows: 
I*tl(2) 3X S 

EEE Sue +52 I RT 

Of course this equation holds for all values of z within a circle 
whose radius is equal to the modulus of the first root of the 
equation /’(z) = 0, zero excepted. EuLer and JacopI have determined 
the first coefficients of tlıis expansion; we wish to determine the 
general coefficient. 

Starting from the known development 


BD 2 ® 
en is — etc. 
and putting 
=—a 2(v+p)=a 


the question reduces to the determination of the general coeflicient 
in the following equation: 
U 
+8 
a, + ete. 


Pr Balken 
Let — stand for the approximating fractions of the continued 
n 


fraction in the first member, and let 
u tat, a +... Hmmm 
On = tm tm... + mat 
Bean ar 
(zn tmetn,e tn. 4 an 


= fie — fe’ + Fra’ — ete. 


An-+2 ur +, 24... +%&ar 
Rn =z®E&, +80 4+...+88 


where 
1 N 
u sa — 
r 5 + 5 
when n even, and 
n-+1 n+1 
re SZ Eu 


when » is-odd, then we find 


art an a ne ne ler Me 


3 n 
In this equation 4 stands for ee l if n is even and for 


Firstly 


when n is odd. 
obtain the following results. 
92n 1 brtl b,r—1 le; 
Ar Hr 
2, ” 
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NASE, 2 2 
— (—1)? 
( ) An en 
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An 


n . 0% .. 
FRE Eite 


n—2 


0 


if n is an even number, and secondly 


92n+1 bt! b,rt1 } 


2, 
RL 


BR 2 
SR 


. barı bn+3 ER 


2 


2 


An—a Kn—2 In—2 On 2... 00 
BR) 
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n—|]1 


IE now we replace a, by 2w-+p)=2D, we 


. On” Dn+tı/n +1 = 


(7) 


. bu. bn+1/n+1 = 


I) 
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if n ıs an odd number, where 
ERFTrFE NR PB aen Eon, 


An ni ann 
Beer ran re an nl) 

PS p! Pr Dn—p+2...dm—p—2 
ap 9) lan —p —, 4)... «(an — 20 — 2) 

Rn Ba p+2... Din p—8 


p n 


g! SEN ESEL EEE 
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p! 

en L 

i _ (@n—p—1)(ın— p—2)...(2n — 2p) 

p = p! —— by+1...ön-p-1 
(an —p—2)(an -—p —3)...((n —p— |) 

A p! d,+1... On —p—2 
 (&an—p—3)(@n —p — 4)... (an — 2p — 2) 
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22 era a 
» ee Sr a ee ..OIn— pt! 
It is of importance to remark that 
Ag = nbn, Kn—1 7 1 In —2 = (n—1) nen On—2 ne 
and that the determinants in the second members of the equations 
(D) and (II) after the substitution 4,=»-+p, are respectively poly- 
nn — 2) (n — 1)? 


nomia of degrees Sr and in v. 


Meteorology. - “On frequeney curves of barometric heights.” By 
Dr. J. P. van DER STOK. 


1. The records of barometrie heights, corrected for temperature, 
observed at Helder three times a day during the years August 1843 
to July 1904, have been chosen as an appropriate material for this 
inquiry into the nature of barometrie frequency curves. The number 
of observations for each month amounts to: 


January 5673 July 5678 
February 5169 August 5766 
March 5646 September 5560 
April 5490 October 5766 
May 5673 November 5580 
June 5490 December 5766 


Total 67252 


ot deviations of barometrie heights; positive and negative being taken together. 


| Nov. May 
€ Jan. | Febr. | March | Apr. | May '! June | July | Aug. | Sept. | Oct. , Nov. | Dec. — eh — 
| | | | | Febr. rr “| Aug. 
0 — 0.5 mm. | 38% 420 47 493 612 705 767 704 559 449 357 377 384 412 697 
0.5— 1.5 680 837 798 | 41028 | 1176 | 1486 | 1495 | 1405 | 4110 865 726 795 749 950 1390 
1.5— 2.5 712 779 821 | 1040 | 1170 | 41367 | 41456 | 1369 | 1048 861 750 706 737 943 1349 
2.8— 3.5 735 752 841 | 1010 | 41464 | 41491 | 41285 | 41292 | 1000 837 737 680 726 922 1233 
3.5— 4.5 703 399 826 893 | 1020 | 414110 | 4121 | 1156 950 774 684 662 | 712 860 41102 
4.5— 5.5 679 775 702 907 952 933 998 | 1016 876 775 686 724 | 746 815 975 
5.5— 6.5 660 683 751 825 809 804 807 806 783 801 715 | 660 679 790 806 
6.5— 7.5 647 615 637 733 767 716 602 651 713 728 655 601 | 630 703 684 
7.5— 8.5 636 605 606 633 607 572 428 509 684 638 668 637 , 637 640 529 
8.5— 9.5 564 564 579 533 486 402 305 393 550 582 610 55: 573 561 396 
9.5—10.5 528 493 532 459 391 262 233 230 468 574 557 514 523 508 279 
10.5—11.5 498 425 459 362 261 171 179 166 351 452 546 413 485 406 194 
11.5—12.5 421 353 406 2381 199 105 128 411 283 347 460 445 420 329 136 
12.5 —13.5 338 342 34 225 126 66 78 73 203 351 395 415 372 280 | 86 
EZ 13.5—14.5 267 302 249 166 73 44 42 48 123 257 312 322 301 199 51 
er 14.5—15.5 243 270 235 102 59 32 28 28 88 | 226 249 307 267 163 37 
2 15.5—16.5 238 213 238 9 60 22 22 12 50 133 195 268 229 128 29 
in 16.5—17.5 225 154 152 59. |, 832 9 13 9 36 | 118 | 151 201 183 9 16 
> 17.5—18.5 188 127 gm 12 3 EZ) 8 3 67 1415 | 147 144 61 | 8 
18.5—19.5 129 116 84 37 10 3 5 4 29 43 119 118 4120 48 5 
19.5—20.5 94 80 89793 7 3 5 17 53 86 91 88 38 4 
20.5—21.5 76 64 29 17 4 & 8 30 62 70 68 21 2 
31.5—22.5 622 256 42 12 3 1 40 16 4 60 56 20 1 
32.5—23.5 69 35 16 8 6 17 29 93 46 12 
23.5—24.5 59 19 18 D 4 10 16 28 31 9 
24.5.5 42 23 13 7 3 14 16 34 29 9 
35.5—26.5 29 18 g 2 4 2 10 20 19 5 
26.5— 27.9 29 22 6 2 3 9 14 21 21 5) 
27.5—28.5 17 14 41 1 2 92 47 13 15 4 
38.5—29.5 8 11 6 4 2 2 10 10 10 3 
29.5—30.5 7W Mh 9 2 61 2 9 3 
30.5— 31.5 10 11 3 2 3 6 1 
31.5—32.5 6 7 4 2 5 5 1 
32 5—33.5 4 3 2 3 3 
33.5—34.5 1 4 9 n 
34.5—35.5 1 0) 2 1 
35.5— 36.5 4 0 3 2 
36 .5—37.5 3 0 0 1 
37.5--38.5 1 0 | 0 0 
38.5—39.5 4 1 | 5 2 
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| | | | | | | Sums. 
B Jan. | Febr. |March | Apr. | May | June | July | Aug. | Sept. | Oet. Nov. | Dee. | Nov. | Mrch.—Apr. May 
| | Febr. Sept. —Okct. Aug 
0.5— 1.5 6 2 30 | 0 16 80 43 1 | — 46 3 0 15 54 7 140 
1.5— 2.5 4101 — 3 55 106 48 139 114 TI 48 74 22 62 94 280 318 
2.5— 3.5 25 56 | 412 54 115 79 164 | 68 37 69 60 210 308 42 
3.5— 4.5 93 75 46. 435 Ah 114 75 92j° 90 6 50 20 238 302 325 
4.5— 5.5 95 89 42 147 80 19 136 50 86 57 | 86 60 330 332 345 
5 5— 6.5 118 105 79 421 61 78 133 126 85 3/94 86 400 368 398 
6.5— 7.5 133 127 14 | 45 37 48 74 97 95 1838| 51 45 356 395 256 
7.5— 8.5 102 83 16 113 31— 2 44 4 138 94 | 60 89 334 441 126 
8.5— 9.5 128 108 13 23 2 | — %0 5 19 144 62 | 10% 97 437 242 30 
9.5—10.5 74 77 80 | 45 19, — WI —-31| — 38 38 40 | 109 108 368 173 — 50 
10.5—11.5 al 3 75 | — 56 49 351 — 31|— 242 19 60 154 75 334 98 — 39 
11.5—12.5 77 25 4\|—5|—-17|-1|—-8| —- 35 3 3 112 47 261 — 15 — 121 
12.5—13.5 50 32 AT 25 61-2 | -— | —-—3|— 9 2 93 57 232 40 — 115 
= 13.5—14.5 33 12 353 —14)| -—19]| —-— 5| —- 30|— 9832| — 4 35 20 38 103 3 — 116 
14.5—15.5 4 34 71\—-16|—-3|- 2| —-— % —18|—-62| 1414| — 3 39 | — 57 — 8 
= 15.5—16.5 AA A | —- 31-831 -—2%| -— 2 —12| —- 4) —57| — 8 36 20 | — 100 —_ 92 
Te) 16.5—17.5 51— 2] — 21-232 —-%| — 7|—413|— 9|— 36 | — 38 | — 37 3 — 1| — 9 — 5° 
en 17.5185 1— | -— 5/1 — 191 -— %| —12|— 3|— 71-8) —34)|—-483|—39 | —17| —- 1107| — 119 — 3 
18.5—19.5 1-31 — 01 -— 2/1 —-—29| — 10] —- 3|— 5/1 — 41-91 —- 3 — 91 —2| — 1416| — 108 —_— 2 
19.5—20.5 | — 40 | —14| — 39) — 19 | — 7 — 3/|—-5/-7|—3| — % | — 7 | —107 | — 108 — 15 
20.515 1-21 —-—%| -3| —-17| — 4 —_ 4|— 8/|—16| —3| — 30| - 1% | — 64 —_— 8 
21.525 | 4M|—32|—-%| —12|— 3 — 1/—10|—16| —- 1 | —383| —-12| — 64 u 
2.535 |-—41|—-9| —-16|— 8 | — 6/|-—17|-53|—4|—18| — 47 
3.545 ı — 391 —19| —18| — 5 — 4! —- 10| — 16 sr 2 — %ı — 37 
45-55 | - 81-831 -8|—- 7 ae oa ee 
35.5-%.5 1—7ı—18|—-1|— 2 — 4\— 2|-1|-%2%| —- 5| —- 9 
%.5—275 1-91 —-2|—- 6|— 2 — 3) —- 9| -14|—-241| —- 8| — 2 
27.5385 |—17| -14|—- 1| — A — 2] — 21-171/|—-13|- 64| — 46 
83.595 1 8| - 11-6 — A — 2 — 2 —10/-10| —- 3939| — 44 
29.5—30.5 |— 7| -41|— 9 — 2| — 6|—-12| — 8 Y3s 41 
30.5—31.5 | —10| -1|-— 3 — 2) —- 3|- %| — 3 
31.5—32.5 |—6|— 7 — 4 a ea er ON rk 
2.535 |— 4 3 | —-— 2|1- 31-92] 
an ee a 
34.5—355 |— 1 0 | —- 21— 3] 
35.535.535 |— 4 0 N 
36.5—37.5 |— 3 0 We 
37.538.511 0| DR AN 
35en. ,— 1|— 1} ! = 3471| 
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In registering the observations the deeimals have been omitted, so 
that the number of oceurrences corresponding with a height of P 
mm. includes all values between P + 0.5 and P — 0.5 mm. 

Owing to this simplification the amount of labour is less than 
would appear from the great number of data. The next work to do 
was to multiply the frequeney numbers with a factor such that the 
total number for each month amounted to 10.000. The frequencies 
thus obtained correspond with expressions for the probability of 
occeurrence expressed in 10.000:bs parts of unity. Then the average 
height was calculated and, by means of simple, linear interpolation 
the whole curve shifted in such a manner that the new frequencies 
correspond with deviations from the average value expressed in 
multiples of whole numbers. This has been done not only with a view 
of abridging the computations of the moments of the second and 
third order but prineipally in order to obtain an evaluation of the 
skewness of the curves, which may be defined as the inequality of 
frequency for equal positive and negative deviations from the arith- 
metical mean. If of such a series of data the frequencies corresponding 
with equal deviations are taken together, no account being taken 
of their sign, the skewness is eliminated, and the numbers obtained 
in this way may be considered as belonging to a symmetrical curve 
(Table I). 

For this curve we calculate the factor of preeision (stability) and 
investigate in how far the actual curve agrees or disagrees with the 
curve of the normal exponential law (Table II). 

As has been mentioned above, the inequalities of frequencies for 
equal deviations of opposite sign have been taken as a measure of 
the skewness. 

Tables I-III show, separately for each month, the sums and differ- 
ences thus formed. The numbers of Table I added to those of Table IH 
will give twice the number of frequencies corresponding to positive 
deviations, their differences being twice that corresponding to negative 
deviations. The values given for Winter, Summer and Spring- 
Autumn are obtained by taking together the corresponding numbers 
in the same Tables ; consequently they are not quite identical with 
the numbers which would have been obtained if the frequencies for 
these seasons had been calculated from the absolute heights, instead 
of, as has been done here, from the deviations ; in the latter the 
annual variation has been left out of consideration. The annual varia- 
tion, however, being very small, this will not influence the results 


to an appreciable degree. 
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9. Table IV shows the results of the treatment of the frequencies 
given in Table I, as indieated. If the deviation from the arith- 
metical mean is denoted by &, then: 


en Trlr Aula 
= — —— a Va er -—= . 
= Fe n My2 ya » 


TABLE IV. 

| M s h w x 

Alisre nn br P En Ws EEE EL Eee 
Jan. 10.261 mM. | 8.272 mM. | 0.0689 | 0.0682 | 3.081 
Febr. 9.520. 7.597 0.0743 | 0.0743 | 3.141 
Mrch. || 8.969 7.194 0.0788 | 0.0784 | 3.109 
Apr. 7.280 5.864 0.0971 | 0.0962 | 3.083 
May 6.218 5.022 0.1136 | 0.1124 | 3.067 
June 5.391 4.322 0.1312 | 0.1305 | 3.112 
July 5.276 4.169 0.1340 | 0.4354 | 3.204 
Aug. 5.374 4.300 0.1316 | 0.192 | 3.41% 
Sept. 6.972 5.602 0.1014 | 0.1007 | 3.098 
Oct. 8.372 6.832 0.0845 | 0.0826 | 3.003 
Nov. 9.490 9.006 0.0745 | 0.075 | 2.974 
Dec, 10.085 8.173 0.0701 | 0.0690 | 3.045 


From this summary it appears that the frequeney curve of baro- 
metrie heights, as derived from observations made at Helder, shows 
systematic departures from the normal curve corresponding to the 
exponential law. For all months (except February and July) A is 
greater than 4’ ; in February these factors are equal and the curve 
is nearly a normal one, in July W >. 

In agreement with this result the caleulated value of x is always 
(except in the two months mentioned) less than its true value; the 
departures from the normal law are greatest in winter, smallest in 
summer time. 

It may be noticed that the departures from the normal curve, 
given in table II, are generally of an opposite sign to those which 
are found in the great majority of series of errors: whereas for 
the latter the rule holds that small deviations oceur oftener than is 
required by the normal law (in which case W > and a cale. > m), 
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here the reverse obtains, the frequency of barometrie heights showing 
a defieit for small and a surplus for moderate deviations. 

In an earlier paper (this volume p. 314) I have shown that, in 
taking together series with different factors of steadiness, each series 
oceurring with equal subfrequeney, we must expect to find too great 
a number of small deviations. 

From this follows the apparently somewhat paradoxical conclusion, 
that a sum of frequeney numbers as those of barometric deviations, 
all showing negative differences for small deviations, may, when 
taken together, lead to a resulting curve in which these differences 
have vanished or even turned positive. 

This eonelusion is of some importance because an investigation 
into the frequeney of barometric heights, in which the different 
months are not treated separately, may lead to normal curves (the 
skewness being left out of account) whereas in fact no normal curve 
exists and appears only as an artificial consequence of the combi- 
nation of incomparable frequency numbers. 

The exceptional behaviour of the months of February and July might 
then be explained by assuming that the different series of barometric 
curves corresponding with different winds (barometrie windrose) are 
more differentiated in these two months than in the other unes. 

A second remark is that frequency numbers as given in Table I 
cannot be accepted as a measure for the variability of the atmo- 
spherie pressure in the course of a month, at least not if we adhere 
to the conception of this variability as generally admitted. 

On the one hand we have here to do with the superposition of 
two kinds of variability, 1° the secular variability as shown by the 
variability from year to year of monthly means and 2"4 the vari- 
ability from day to day, which might be called the interior variability 
for the month in question ; it is the latter definition which corresponds 
with the usual conception. 

On the other hand, daily means or observations taken at fixed 
hours are by no means to be regarded as being independent of 
each other. 

The questions, therefore, arise: how can we separate the two kinds 
of variability, and to what degree are daily mean values of baro- 
metrie observations to be taken as dependent upon each other in 
the different months. 

For a knowledge of the climate of a place the latter question is 
of importance ; it might also be formulated thus : what is the average 
duration of a barometric disturbance, a question which can hardly 
be answered by means of direct investigation. 


( 556 ) 


TABLE V. 


rn DANAIIAÄAAANAN AAN 


k eh Fe L. vn | en ri wo 
nr a re 

0-05 | sıs | 06 I +0 | 12.5155 -1 18 | 1m | — % 
05-15 || 1005 | ses | +30 | 15.5-416.5 | 15 | 14 | — 9 
15-95 || on | sea.| +30 | 16.5-17.5 | 10 | 18 | — 4 
05-35 | 96 | us | +aı | 47.5—48.5 15 a 
35-45 || ses | 875 | +13 | 18.5—19.3 58 2 1 
1555 | 846 | 826 | +20 | 419.5-20.5 13 PT PU. 
55265 | 6 | 7 | — a | 0.5=21.5 33 | +%4 
65-75 | 0% | 06 | — 2 | 4.5.5 25 3| +2 
15-85 | 591 | 008 | —47 | 2.5-98.5 A 46 ul 
85-05 | 50 | = | =. 7.|:8.5-2.5 13 Po ar 
05105 | 7 | 0 | m | 2.5-8.5 13 7| +6 
10.515 | 38 | 34 | —a | 8.5-86.5 10 u 
1.5125 | 304 | 32 | —ı8 | 8.5-97.5 7 3.4 
12.5135 | 244 | 8 | —M | 27,5-98.5 6 ac 
13.5145 || an | a6 | — 9 | 8.5-ete. 13 PR En. 


The first problem ‘is identical with the caleulation of the prob- 
ability of an event «+, when a and 5 follow the normal law and 
are independent of each other. 

This problem of the superposition of two laws of errors has been 
already treated by Besser‘) and subsequently D’OcAGnE ?) gave a 
general solution for the superposition of several groups of errors. 

It appears that, if 7 be the factor of stability of the secular and 
h, that of the interior variability, the resulting deviations also follow 
the normal law, the new factor A being determined by: 


Hh, 
vn: 

From the values of A given in Table IV and those of A cealeu- 
lated from monthly means we can, therefore, deduce that of A.: 


= 


}) Untersuchungen über die Wahrscheinlichkeit der Beobachtungsfehler. Astr. 
Nachr. XV, 1838. 


I) 


?) Sur la composition des lois d’erreurs de situation d’un point. C B. Acad. 
sc. CXVII, 1894, 
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Eu Hnh 
Teen 

By the following reasoning the second problem may also be easily 
solved. 

The total mean value for a given month, as caleulated from n 
monthly means, must be the same as that deduced from N cor- 
responding daily means. 

The mean error (incertitude) of the total mean is, as monthly 
means may be considered to be independent of each other: 


Verne 
For the mean incertitude deduced in the same manner from 
observations made three times each day: 


M 


VN 


too small a value would be found as these observations are certainly 
not independent of each other; {iherefore, if the number of obser- 
vations which, on the average, constitute an independent group be 
called p, we must have: 


h, El) 


M,_ M,vp 
vr vN 
If we wish to express the average duration of a disturbance D 
in numbers of days, we have, in our case: 
ee N h? 
mM. j SL sun 


(2) 


Table VI shows the values of the interior variability 7, thus 
caleulated by means of form. (1) and the duration D ofa barometric 
disturbance. 

It appears from these results that, on the average, the duration 
of a barometrie disturbance at Helder is in: 

Winter . 6.90 days 

Summer 4,89 | 5; 

Spring-Autumn 6.04 ,„ 
or in round numbers resp. 7, 6 and 5 days in winter, spring- 
autumn and summer. 


3, It would perhaps not be impossible, and it certainly must be 
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TABLE VI. 


H h h, ) 


Jan. 0.1411 0.0689 0.0787 1.52 
Febr. 0.1458 0.0743 0.0864 | 7 .46 
March || 0.1682 0.0788 0.0852 6.82 
Apr. 0.2105 0.0971 0.1094 6.49 
May 0.3019 0.1136 0.1226 4.46 
June 0.3181 0.1312 0.1440 5.19 
July 0.3392 0.1340 0.1459 4.92 
Aug. 0.3330 0.1316 0.1432 5.00 
Sept. 0.2350 0.1014 0.1123 5.74 
Oct. 0.2113 0.0845 0.0926 5.12 
Nov. 0.1892 0.0745 0.0810 4.81 
Dec. 0.1419 0.0701 0.0806 7.82 


the final aim in inquiries of this kind to come to a rational expres- 
sion for the frequency of barometrie deviations as a function of the 
distance of centres of depressions and of their average depth and 
extent but, even if we assume the most simple relations between 
pressure and distance of the centrum, we must expect to find rather 
complicated, exponential expressions, which can be treated only by 
expansion into series. It is, therefore, desirable to summarize the 
characteristics of the frequeney curve in an empirical formula of 
the form: 
HF (AT Bet Ca De IEs) , I. (3) 

The constants of this formula can be easily determined and, if we 
succeed in establishing a rational expression, there will probably be 
no diffieulty in indicating their meteorological meaning. 

The frequeney curve, positive and negative deviations being taken 
together (Table D), is then represented by the expression : 


Z=2e HR (A+ Ca + er (4) 


which represents a symmetrical eurve, and the formula for the 
differences of Table III becomes: 


ee a (5) 


If, as in our case, the deviations x are departures from the arith- 
metical mean, 
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jze=1 “ j#«=u=» ‚ Ze a=u,=M 
0 = 0 


je «= ete. ; jr@=0. a 
) 


0 
For the determination of the constants of form. (4) we then have 
the four relations: 


C 1.3E H 

A ar | 
24 4H va 
2C  24E 

A —t ——_ H 
3352 „alu, 

A+— + = 
2H 4H* vr 
4C 4.6E 

A Ehe 

ar sn rt AH: H’u, 


Multiplying resp. by 1,—3,+ 3and —1 and adding, we find: 
ED —-aH’+bH—-c—V0 
Ön, u, 1 

= —b= we=— 

MVR u, uva 


nel 1 1 
U Van ‚U, — EIER U, — DERVZ» D 
H?° 32° 38H 
ee ee ee (8) 

From this equation possible values for 4 can be derived, but not 
in an advantageous manner as the quantities h, A and 4" generally 
are only slightly different. | 

In practice, i.e. if we come to expression (4) by expansion of a 
theoretical formula, the problem will probably be less diffieult, as 
the eonstants H and A or H and h will not be independent of each 
other, and it will be possible to reduce the four equations (7) to three 
or two. 

In this preliminary investigation we confine ourselves to the most 
simple case that 7=h which, as it will appear, leads to satisfactory 
results. 

Putting 


a 


or, because: 


Dh 
h' 


zer 


we find: 
39 


Proceedings Royal Acad. Amsterdam. Vol. VII. 
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AvYa—=hl(l-3K) 
CVa=12WK 
By ne AK a re 
The position of the points of intersection of the observed frequeney 
eurve with that caleulated by assuming the simple exponential law 
to hold good (the points where in Table II the numbers change their 
sign) is determined by the equation: 


(4 + Ca’ + Ee‘) va—-ız=Uü, 


or: 
3 
— —.g? Rn a Fe CNN) 
a* + - 4 (10) 
0.525 1.651 
a=2-——ı, yo 
a h 


In fact Table II shows that there are no more than two well 
defined points of intersection, which justifies the omission of higher 
powers than the fourth in form. (4). 

Tabel VII shows the values of the eonstants of (4) and the values 
of « calculated with the help of form. (9) and (10). 

It is evident that, if form. (4) and the values of its eonstants 
determined in the way indicated give a good representation of the 
observed facts, the values of the coeflieient A must be nearly equal 


TABLE Vll. 


| Calculated. | Observed. | 


Ihm 
Jan. | 377%X 107? | 381 x 410! | 2732407 1 Ei 7.68 23.% 
Febr. | 419 420 | 0 0 OT | 22.22 
March| 438 417 IR N res , 6.66 9.9 
Apr. | 532 193 | 310 |_.18 5.4117 0 
May | 620 612 | 662 — 456 4.02 | 14.53 
June | 728 705 532 I 4m 14.00 42.58 
July | 779 767 | — 1581 + 1008 3.92 ' 19.39 
Aug. | 734 704 | 588 | — 34 | 3.99 | 12.55 
Sept. | 560 | 559 I I 10 5.18 | 16.28 
Oct. | 444 | 419 0 | — 24 6.2 19.54 
Nov. | 386 | 357 7172 | — 148 | 7.05 |, 22.16 
Dec. | 377 377 ae; | u i 7.49 | 33.55 
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to the frequencies corresponding with the deviations 0O—0.5 mm., 
as given in Table I, so that the greater or less degree of agreement 
between these values May be taken as a criterion for the proposed 
assumption A =h. 

In order to show that this agreement is fairly satisfactory, the 
observed frequencies between the limits O and 0.5 are given once 
more besides the caleulated values of A. 

lf we compare the situation of the intersection points as shown in 
Table II and as caleulated according to form. (10), we see that the 
situation of the first point of intersection agrees well with the 
observed facts, but that the second points «a,, as calculated, cor- 
respond with greater deviations than occur in reality. 

As this second point of intersection naturally coincides with small 
frequencies the degree of precision of which is questionable, it seems 
diffieult to deeide whether these differences may be ascribed to 
insuffieieney of material, to the omission of a possible fourth term in 
form. (4), or to an error introduced by the supposition H= h;asthe 
caleulated values of «, are jointly too great, the latter cause has to. 
be regarded as the most probable one. 


4. The fact that in Table II, in which a measure is given for 
the skewness of the curves, except for e=(, only one zero-value 
oceurs, proves that in form. (5) the addition of a third term is cer- 
tainly not required. The caleulation of the constants B and D as well 
as the determination of the point of interseetion ß can, therefore, 
easily be made. 


As: 

rar =) 

0 
we find immediately: 

ee ee (11) 

+ P3 [x = V,. “ . . . . D . 
whereas : 
[rasgty ==" a RZ) 


0 
denotes the surplus of: positive over negative deviations. 
If we take tbe absolute sum of positive and negative deviations 
as a measure for the skewness s: 


ß & ß 
s=ptn=2 [ra [ra=2 [ra 
0 0 0 


39* 


or: 
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0 


s+r=2 [Ya 


(13) 


The situation of the point of intersection P is determined by the 


equation : 


By (11) and (12): 


v 


B-+ Dp 


12 — 3), 
With the help of (13) we find from these values: 
s=»v(l+4e%), 


B=shv. Dim arg, 


. (14) 


(15) 
(16) 


(17) 


By means of the values v or s, to be taken from Table III, the 
constants of form (5) as well as the position of the point of inter- 
section can, therefore, be determined ; we choose v, so that a com- 
parison of the caleulated and observed values of °/, or ?/„ may serve 
as a criterion for the method followed in caleulating the constants 
of the empirical formula. 


TABLE VI. 
mm 


Observed. Caleulated. 

® | : | B | D 8 
707 XK10°| 155x101 | ANMXI0F) — 32x10” | 17.8 
606 1184 100 — 37 16.5 
467 923 87 — 36 45.5 
639 1277 181 — 114 12.6 
423 576 163 — 14 10.5 
483 668 249 — 136 9.3 
486 998 262 — 313 9.1 
426 908 295 — 36 9.3 
463 4073 143 —: 12.4 
429 748 9 — 4 14.5 
599 1467 100 — 37 16.4 
605 1309 89 _— 9 17.5 
598 1053. 


Mean 
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The average values of » and s show a satisfactory agreement 
with the form. (17): 

AN 1053 

Pu Mite 


From the aggregate values given in Table III for three seasons 
we find: 


1.99 


Sums. 
p N nn a s pin 
Winter 3849 1340 5189 NR 2.87 
Spring-Autumn 2959 937 3896 9.74 3.16 
Summer 2380 747 3127 7.82 3.19 


For the values of $ in these three seasons: 
Observ. Tab. III Sale. Tab. VII 


Winter 17 17.05 
Spring-Autumn 14 13.68 
Summer Rs) 9.55 
Anatomy. — “Anatomical research about cerebellar connections.” 


By L. J. J. Muskens. (second communication). (Communicated 
by Prof. ©. WinskLer). 


A comparative examination into different species of mammals I 
have thought desirable in order to get information about the course 
of the axis-eylinders arising from the cortex cerebelli. The develop- 
- ment of our knowledge in this matter in the last 15 years has 
resulted in that at the present time the following question has been 
placed in the center of discussion : do the strands of fibres, which 
form the superior Crus cerebelli, arise from the cortex cerebelli strie- 
tiore sensu or have we to regard the basal cerebellar nuclei as an 
undispensable intermediary for all these cortieo-fugal nervefibres? On 
the one hand we find in some rodentia in the lobus petrosus cere- 
belli exelusively cortex and white matter (squirrel), on the other hand 
we find in others (rabbit) equally a part of the nucleus dentatus 
situated in the pedunele ‘of that lobe. In both animals the lobus 
petrosus Is sitnated in a separate bony hole. We find in this lobe 
therefore a very fortunate opportunity for operative procedure therein, 
leaving the other neighbouring central structures and also the semi- 
eireular eanals intact. We can here in a comparative physiological 
way find an answer on the above question and at the same time 
avoid a large cranial aperture. 
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Sinee Marcm stated, that after large lesions as hemi-exstirpation 
of the cerebellum a number of nerve-strands degenerate up to the 
mesencephalon and down to the spinal cord, it is notable, that subse- 
quently Manaım, FErRIER and Turner, R. Russeıı, Tuomas and 
especially Prost and van GEHUCHTEN have more and more directed 
their attention to smaller and smaller lesions, so that it became 
more and more clear, that most of the degenerations, found by Marcnı, 
were caused by affeetion of neighbouring parts. Finally have CLARKE 
and Horsuey recently succeeded in stating definitely, that all fibres of 
the superior crus cerebelli do not arise from the cortex, but froın 
the basal nuclei. Their material was larger than that of any of the 
precedent investigators and only very limited exstirpations, mostly 
without any lesion of the nuclei, were used. If the lesion was 
limited and the cerebellar cortex exelusively hurt, never the dege- 
neration was found further than the nuclei. They stated moreover, 
which parts of the cortex are directly connected with special parts 
of the basal nuclei. 

Independently of this result the examination of my own material 
(experiments on the lobus petrosus in different rodentia) tends clearly 
to reinforce their conclusion. Whereas in the case of the squirrel (where 
only cortical and white matter in the lobus petrosus cerebelli — - inex- 
actly called floceulus — can be hurt) the degeneration stops short in 
the lateral part of the dentate nucleus, we find in the rabbit always 
a part — especially and exclusively the middle third part of the 
Superior crus cerebelli on cross section — degenerated. These dege- 
nerated fibres could be followed in the series of sections up to the 
lesion. Here, in the case of the rabbit, we had removed a number öf 
ganglioncells, situated in the peduncle of the lobus petrosus and 
being contiguous to the nucleus dentatus. 

We see therefore that as well the Marcm-work in the same spe- 
cies as experiments in kin “animal groups lead to the same 
answer {0 our question viz. that only the ganglioncells of the basal 
nuclei and not the cells of PvrkinJK, have to be regarded as the 
origin of the degenerations after the cerebellar lesion. The last reserve 
left in this matter by Epınarr can therefore, so it appears to me, 
be abandoned. 

In accordance with the above investigators and also with my 
former communication in These Proc. VII p. 202 about expeni- 
ments in rabbits I could not find in the spinal eord ‘of the 
Squirrels, examined, any degeneration. Regarding the middle cere- 


bellar peduncle, the relations are more complicated and need further 
research. 
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Chemistry. — “On the simplest hydrocarbon with to eonjugated 
systems of double bonds, 1.3.5. hexatriene” By Prof. P. van 
Rougeren and W. van DORssEX. 


In 1878 Tiroex ') advanced the hypothesis that the terpenes might 

be derivatives of a hydrocarbon of the formula : 
CHH=CH—CH=CH— CH=CH, 

At the meeting of the Assoe. france. pour l’avanc. des Sciences in 
Paris 28 Aug. 1878, FrancHımoxt pronounced the same opinion and 
suggested that this compound might, perhaps, be obtained by elimi- 
nating of the two chlorine atoms from acrolein chloride. The efforts 
made by one of us (v. R.) many yearsago to prepare that hydrocarbon 
in his manner did not prove successful. The researches on terpener 
which afterwards definitely led to the result that, in the case of 
these substances, we are dealing with eyelie compounds made the 
above cited hydrocarbon recede into the background. 

The views of Trike on eonjugated systems of double bonds, and 
the researches originated therefrom, in addition to the studies on the 
aliphatic terpenes myrcene and ocimene, hydrocarbons iu which the 
existence of three double-bonds has been proved by different inves- 
tigators, have again drawn our attention to the 1.3.5 hexatriene, 
because it would represent {he simplest hydrocarbon in which ocenr 
three double linkings that also form two conjugated systems. 

One of us (v. R.) has pointed out previously that one of the 
methods whieh might lead to the desired produet consists in the 
action of metals on 3.4 dichloro-1.5 hexadiene. 

The investigations of GRISER ‘) have acquainted us with the ana- 
logous bromine compound which is formed by the action of phos- 
phorus tribromide on s. divinyl glycol. We have treated this substance, 
prepared according to (irixer’s direetions, with metals but have not 
yet sueeeeded in preparing the hydrocarbon in that way. There was 
however, another way still at our «disposal to gain our objeet, namely, 
by starting from s. divinyl glycol and eonverting this into a formie ester.' 

It is known that the formates of polyhy«dlrie aleohols, in which oceur 
a OH-group and a formie acid-residne connected with two C-atoms 
linked together, yield, on heating, unsaturate compounds with eli- 
mination of carbon dioxide and water. It was now obvious to prepare 
the monoformate of divinyl elycol. We endeavoured to do this by 
heating this glycol with oxalie acid but obtained, mainly, brownish 
Bar wen 


1) Journ. chem. Soc. 1878. p. 80. 
2) Ann. d. Chim. et d. Phys. [6] 26 (1892) p. 305. 
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compounds not looking fit for further investigation. By cautious 
treatment with formie acid the diformate was, however, readily 
obtained (see p. 544). 

In order to convert this into the hydrocarbon, a reaction was 
applied which one of us had previously used for preparing allyl 
alcohol from the diformate of glycerol, and which consists in heating 
that compound with glycerol. 

And, indeed, a mixture of the diformate of divinyl glycol with 
the glycol when heated slowly, first at 165° and then gradually to 
200°, evolves carbon dioxide and a little carbon monoxide and yields 
a distillate consisting of two layers, the upper one of which consists 
of a hydrocarbon. 

The triformate of glycerol, like the diformate of divinyl glycol, 
may be distilled without notable decomposition by heating it some- 
what rapidly at the ordinary pressure. Recently one of us (v. R.) found 
however that it is decomposed by prolonged heating at a temperature 
a little below the boiling point and it then yields the same decom- 
position products as the diformate of glycerol. 

If now the diformate of s. divinyl glycol is heated at 165° and 
the temperature allowed to rise very slowly, an evolution of gas is 
observed and in the receiver is collected a liquid consisting of two 
layers. The upper layer again consists of a hydrocarbon identical 
with the one cited above. 

Probably, the simplest way to explain this reaction is to assume 
that the diformate contains a little monoformate which is decomposed 
in the desired sense, with formation of water which in turn regene- 
rates monoformate from the diformate. Finally, a residue consisting 
of glycol (respectively, polyglycols) is obtained and in the distillate 
a little formie acid is found, besides water, whilst the gases evolved 
consist of carbon dioxide and carbon monoxide. The last method 
appears to give a better yield than the first one. 

The hydrocarbon formed is separated and distilled, the portion 
distilling up to 95° being collected. It is then dried over a piece 
of caustice potash, which also removes traces of formie acid and then 
rectified a few times over metallic sodium. 

It then forms a colourless, strongly refractive liquid with a slight 
pungent odour ; in contact with the air it appears to slowly oxidise. 
The boiling point lies between 77°--89°, the main fraction boils 
between 78°,5—80° (corr. ; pressure 766 m.m.) 

The ‚analysis and the vapour density gave values leading to the 
composition C, H,. 

For the physical constants of tbe main fraction was found: 
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Spec. gr.,, 0,7565 
Nn  1-49856. 


If we calculate the molecular refraetion from these data, with the 
aid of the formula of TLorkntz—Lorenz, we find MR = 31,03, 
whilst for C,H, is found MR=28.53 assuming that the hydrocarbon 
possesses three double bonds, and making use of the atomie refrac- 
tions of ConranyY') and the inerement for the double bond. 

The difference of 2,5 between the caleulated and found molecular 
refraction is a striking one. According to Brünn’) excesses always 
occur with substanees with a conjugated system of double bonds. 
In the aliphatie terpene ocimene, an excess (to the extent of 1.76) 
is also found, and this assumes an extraordinarily large proportion 
in the case of allo-oeimene. °) 

As regards the structural formula of the hydrocarbon obtained, 
its formation from 

CH,—=CH—CH—CH—CH=CH, 
oN OH 
by the elimination of the two OH-groups by means of formie acid 
points to the formula: 
CH,=CH—CH—=CH--CH=CH, 
which indeed represents 1.3.5-hexatriene. 
A glance at this formula shows that it may appear in two geo- 
metrical isomerie forms, namely in the cıs and Zrans form): 
CH, =CH—CH CH,—CH—CH 
| and || 
C,H=CH—CH HC—CH=CH,. 

If, with Tarmere °), we accept partial valencies the formula of 

1.3.5-hexatriene should be written: 


— ne 
CH, —=CH—CH=CH—CH=CH, 


Unsaturated hydrocarbons with a conjugated system readily take 


ı) Zeitschr. physik. Chem. 3, 226. . 

2, B.B. 38, 768. 

3) G. J. Enktaar, Dissertation 1905. Compare literature on the subject p. 37. 

ı) Probably, the hydrocarkon is a mixture of both. In the fractionation, besides 
the main fraction, a distillate could be obtained boiting between 77.5° and 78°. 
(sp. gr.1„ 0.7558, no 1.49% MR 30.8), also a final fraction boiling between 
80°—82° (sp. gr. 0.7584, no 1.908, MR 31.2). We hope to repeat the expe- 
riment on a larger scale. 

%) Ann. 306. 9. 
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up hydrogen on treatment with absolute alcohol and metallie sodinm. 
In the reduetion of our own hydrocarbon, 2.4 hexadiene might be 
expected in the first place, although, a priori the formation of other 
hexadienes is not to be exeluded. In the 2.4 hexadiene 

CH, — CH=CH— CH=CH—CH,, 
we have again, however a compound with a conjugated system 
which might be further hydrogenated to hexene 3. 

In fact, ‚our hydrocarbon when treated with boiling absolute 
alcohol and metallic sodium takes up hydrogen. The study of the 
product (or products) of the reaction is not faeilitated by the contra- 
dietory statements found in the literature about the hexadienes. A 
future communication will treat more extensively of this reaction and 
also of the original hydrocarbon whose structure we will try to deter- 
mine also by other methods. We may state further that a dibromine 
addition compound has been prepared melting at 89—90’ and a 
tetra-compound melting at 115”. 


University. Org. Chem. Lab. Utrecht. 


Chemistry. — “On the hidden equilibria in the p,e-sections below 
the eutectie point’. By Dr. A. Smirs. (Communicated by Prof. 
H. W. Barnvis R007EBOoON). 


The »,x-seetions of binary systems in the neighbourhood of the 
eutectie point have been fully diseussed by BarHtvıs RO0zEBOON '); in 
this the course of the solubility isotherms in the unstable and metastable 
region were, however, not examined. This problem eould only be 
taken in hand after van DER Waars’ paper ?) on: “The equlibrium 
between a solid body and a sluid phase, especially in the neigh- 
bourhood of the eritical state” had been published. 

Availing myself of this paper I shall discuss the just-mentioned 
problem, and show briefly in what way the stable region is connected 
with the metastable and unstable region. 

If for the two substances A and B the volume in solid state is 
larger than in liquid state, these substances will have negative melting- 


RE 
point curves, i. e. Er will be negative, and the melting-point eurve 


will therefore pass to lower temperatures with increase of pressure. If 


!) Die Heterogene Gleichgewichte 9, 139 (1904). 
?) These Proceedings Oct. 31, 1903, 439, 
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this case oceurs, the euteetie melting-point eurve, furnished by the system 
A-+ B will generally present the same course. This case is rare. 

As, however, Baxrnviıs RoozErooM already observed '), a negative 
eutectie melting-point curve is also possible, when only the melting- 
point eurve of one substance is negative, provided the negative course 
of one melting-point eurve be stronger than the positive course of the 
other. To this belong all eryo-hydrate lines. 

In the P,T-projeetion fig. 1 it has been assumed (which, however, 
is of minor importance here) that the negative course of the eutectie 
melting-point eurve results from negative melting-point eurves ofthe 
substances A and 2. 

The partieularity attending the negative course of the eutectic 
melting-point eurve, is this, that a p,”-section corresponding with a 
temperature below the eutectie point, will contain a region for SA + L 
and a region for Sg+ 7, separated by a liquid region TAN The 
limits of this liquid region are given by solubility isotherms, which 
according to van DER Waars’ theory, are portions of two continuous 
eurves indicating the fluid phases which can eoexist with the solid 
substance A respeetively B, and which have been called de solubility 
isotherms. 

The regions for Ss + @ and Sa + Lresp. Sp + GandSz + L 
below the eutectic point being separated by a region for Sa + SB; 
the «question which I wished to solve came to this: “what is the 
course of the two solubility isotherms in the region for Sı +82". 

In order to answer this question we first examine what is the 
p,e-section which corresponds with a temperature above the eutectie 
point, but below the melting points of the two components. The 
temperature which 1 have chosen for this purpose, is denoted by 
{, in the P,T-projection. The p-a-section corresponding with this is 
represented in fie. ). As van DER Waars has proved that the solu- 
bilitv isotherm has two vertieal tangents for the case v, <ry , but 
only one vertieal tangent for the case v, > y two continuous solu- 
bility isotherms with one vertical tangent have been drawn in this 
p-x-section ; for the one solubility isotherm this vertical tangent lies 
at the liquid point Z, and for the other at {he vapour point (r. 
We sce further that the branches which separate the liquid region 
-L from the regions for Sa + L and 53 + L diverge towards higher 
pressure. The portion of the liquid-vapour-region L+ 6, which may 
be realized in stable condition, lies between the two three phase 
pressure lines Sı@GL and Sp 1, @. If we now examine a p-w-section, 


1) Loc. eit. p. 418. 
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eorresponding with the entectie temperature, denoted by Z, in the 
P,T-projection, we get what is represented in fig. 2. The two tlıree 
phase pressure Ines Sı+@+ZL and Ss + 1L+G have both 
descended, the former, however, stronger than the latter, and they 
have finally coincided. 

The two solubility isotherms intersect besides in the unstable region, 
also in the points (x and Z. While the point of intersection (7 indi- 
cates the possibility of a coexistence of S4ı + Sz + @, the second 
point of interseetion Z indicates the possibility of a coexistence of 
Sa+ Ss +1, and when at a definite temperature, as is the case 
here the two points lie on the same pressure line, this means that 
at that temperature the four phases Sı +88 + L + (@ can coexist, 
provided the pressure be equal to that indicated by the horizontal 
line which joins the four coexisting states. At a higher pressure the 
regions for SAa—+ZL and Sı+ L are separated by the triangular 
region for ZL. 

In order to get a clear idea of the form which the px-seetion 
assumes at a temperature i1,, lying somewhat below the euteectie 
temperature, it is necessary to draw the metastable branches of the 
lines for Sı+ Liz + Gap, for Sg+ Lape+@ap and for La Bern 
as has been done in fig. 1. We see then, that the situation of the 
first two three phase lines is just the reverse of that of the stable 
branches. For the stable branches that for Sı+ Zap + Gap lies, 
namely, above that for Sg + La + (4, for the metastable branches 
the reverse is,the case. If, taking this into consideration, we now 
draw the p«-section corresponding with the temperature Z,, we get 
fig. 4, from which we see that the first point of intersection of 
the two solubility isotherms has moved upwards, and the second 
downwards. The first point of intersection denotes, as has been 
said, the eoexistence of SA+ Sz+ @, and the second the eoexistence 
of SAa+Sz+L; at constant temperature these three phase equilibria 
are only possible at one pressure, because we have here a system 
of two components, hence for pressures between the two points of 
intersection mentioned there must be change of the three phase 
equilibria into a two phase system, where the two three phase 
pressure lines form the limits of a new two phase region, viz. for 
Sat S2: 

The second point of intersecetion of the solubility isotherms which 
causes the oceurrence of the three phases S4+ Sz-+ Z lies here 
in agreement with the dotted line traced in the P, T-projection for 
the temperature 2, at a pressure below that of the supercooled liquid 
of pure A. 


A. SMITS, “On the hidden equilibria in the px-sections below the eutective point.” 


Fig: 1 
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It is further te be seen in this »,v-seetion, that the two metastable 
three phase pressure lines for Set @ + L and fr SE + L+@ 
lie above the stable three phase pressure line for Sı+ Sa + (, 
and that the first lies between the two others. At the same time we 
see that the character of the solubility isotherms does not change, 
the only modification which is brought about for each of the isotherms 
compared with the usual case is this that the metastable part is 
enlarged. 

If we now take a temperature which lies still somewhat lower, 
viz. Z, we get a p,„u-section as represented in fig. 5. All the three 
phase pressure lines have diverged, and descended, except that for 
Sı+Sz+ Z, which has strongly ascended. The second point of 
intersection lies now, in agreement with what the dotted line for the 
temperature f, traced in the J3,7"-projeetion shows, far above the 
point indicating the vapour tension of the supercooled liquid of A. 
The metastable part of the two solubility isotherms has greatly in- 
creased, and with it the region for Sa+ Sp. With further decrease 
of temperature the character of the modifications in the p,”-section 
remains the same, so that it is unnecessary to examine another. 

If we had applied tlie same considerations to the case that the 
euteetic melting-point curve has a positive course, we should, with the 
exception of the unstable region, have found but one (lower) point 
of interseetion for the solubility isotherms, for the branches which 
gave a second (higher) point of intersection in the case under dis- 
eussion, recede continually from each other. 

I have not represented this latter case, as it yields nothing special. 

The case treated shows once more, how the examination of the 
equilibria which are hidden from our eyes, may contribute to widen 
our insight into those accessible to experiment. 

Amsterdam, December 1905. 

Anorganic Chemical laboratory of the University. 


Chemistry. — “On the phenomena which occur when the plaitpoint- 
eure meets the three phase line of a dissociating binary 
compound”. By Dr. A. Smirs. (Communicated by Prof. H. W. 
Barnvıs RooskBooN). 


1. In a previous paper ') I have already pointed out, that the 
interesting systems metal-oxygen, metal-hydrogen and metal-nitrogen, 
to which we may still add many of the systems metal-halogen, and 
metaloxyde-acidanhydride, belong to the type ether-anthraquinone, 


) Zeitschr, f. physik. chem. 51, 193 (1905.) 
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but they are more complicated, because here the components may 
eombine. 

Now from a chemical point of view it is of the highest impor- 
tance to examine also these more complieated phenomena, in order 
to obtain in this way a general insight into the phenomena of equi- 
librium for the case that compounds are raised to high temperatures, 
and placed under such a pressure that ceritical phenomena are found 
with saturated solutions. As yet any insight into this was wanting. 

By bringing the results of my investigation on ether-anthraquinone 
in connection with the cases lately discussed by me in a paper: 
“Contribution to the knowledge of the PX and the PT-lines for the 
case that two substances enter into a combination which is disso- 
ciated in the liquid and the gas phase” '), I have succeeded in 
arriving at a clear conception of the above mentioned phenomena. 

In all the. cases which 1 shall shortiy discuss here, I start from 
the supposition that the compound under consideration is miscible 
with both components in fluid state in all proportions. On the whole 
our knowledge as to this is exceedingly slight, nor is there the least 
certainty on this head for the substances which I shall adduce here 
as examples. 

2. First of all I shall consider the case, that two substances 
A and B yield a dissociating compound A„B,, the melting point of 
which lies above the critical temperature of the substanee A. This 
case is met with in the system Ca0—CO,. If now the solubility of 
the compöund , AB, in A is still slight at the critical temperature 
of A, the continuous plaitpoint curve, which starts at the eritical point 
of A (CO,) and terminates in the critical point of B (CaO) will meet 
the solubility curve of A„B, (CaCO,) in fluid A (CO,) in two points. 
That the point p exists has already been demonstrated by Dr. Büchner wi; 
in temperature this point lies only slightly above 31°, the solubility 
of CaCO, in fluid CO, being still very slight at this temperature 

This case has been represented in Fig. 1. The upper half of this 
diagram contains the projeetion of the spacial figure on the PT-plane; 
the lower half represents the projection of the tivo phase regions °) 
coewisting with solid substance, and the plaitpoint eurve. The com- 
bination of these two projeetions seems to me the simplest way of 


!) These Proc., June 1905, p. 200. 

?) Thesis for the doctorate, 106. (1905). 

%) At first I gave the name of three phuse regions to these regions because, 
though they indicate only two phases, a third coexists with them. It seems, 


however, better to me to speak of two phase regions coexisting with solid substance 
which term I shall use henceforth. ; 
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representation for a first investigation of these problems. For the sake 
of elearness I must draw attention to the fact, that in the T-X-pro- 
jeetion the lines aE, Ep, qFE’ and E’c are the solubility curves, 
whereas aE,, E,p, gF’E,’ and E,’c represent the vapour lines. In 
the P-T-projeetion, however, we get one three phase line for each 
pair of two corresponding lines for the liquid and gas phases coexist- 
ing with. solid substanee. These three phase lines are indicated 
by A+L+G,A„B, +L+6G and B+L+G in the P-T-projection. 

The first meeting of a solubility curve with the plaitpoint curve 
takes place in » and the second in q. According to van DER WaALs’ 
theory a continuous transition from the solubility curve into the 
eoexisting vapour curve takes place in these two points. If we take once 
more the system CO,—CaO as an example, p indicates the critical 
point of the saturated solution of CaCO, in fluid carbonic acid, and 
y the eritical point of another solution saturated with CaCO, with a 
much larger eoncentration of CaCo,. 

Between these points p and g a fluid phase may occur alone or 
by the side of solid A„B,(CaCO,), and in the neighbourhood of . 
these ‘points tlıe phenomenon of retrograde solidification must present 
itself. I will further emphatically point out here, that it is assumed, 
as is easily seen in the T-X-projeetion, that near the melting point 
the differenee of the volatiliiy of the components is not so 
large as to prevent the occurrence of a vapour of the composition 
of the compound. The point F’, where the composition ofthe vapour 
is the same as that of the compound, is the mawimum-sublimation 
point and the point F, where the eoncentration of the liquid is the 
same as that of the compound, is the minimum melting point, or the 
melting point under the three phase pressure . What I did not yet 
show in my previous paper is this that two lines start from the 
points F and F\, which pass continuously into each other at K. 
These lines form the continuous bounding curve of the two sheets 
of the PTX-surface for the composition of the compound. The con- 
tinuous bounding eurve touches the plaitpoint curve in K, so that 
K denotes the eritical point of the dissociating compound. That this 
point K does not constitute a special point of the continuous plait- 
point ceurve is due to the fact that when the compound is assumed 
to dissoeiate, the eritical point of the liquid compound does not 
essentially differ from that of the liquids witlı other compositions. 

In fig. 1a the projeetion of the two phase regions coexisting with 
solid substanee is represented, and also that of the plaitpoint curve 


1) These Proc., June 1905, p. 200. 
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on the p-w-plane: further the solubility isotherms corresponding with 
the temperatures of the points »p and g are indicated, from which 
the phenomenon of retrograde solidification appears clearly. 

3. In the case discussed the situation of the points p and q 
depends on different properties of the compound and its components. 
In special cases it will, therefore, depend on this, on what part of 
the three phase line of the compound the point q lies. Undoubtedly 
there will be many cases where this point falls below the melting 
point. Probably this case will occur the sooner the more the volatility 
of the two components differs. In this paper, however, I continue to 
assume, that a vapour of the composition ofthe compound may exist. 

In this different cases may present themselves, which each call for 
a separate discussion. So highly remarkable phenomena make e.g. 
their appearance, when the plaitpoint curve cuts the three phase line 
of the compound between the melting point and the maximum subli- 
mation point. I shall, however, discuss this case and some others in 
another paper, and restriet myself now to the phenomena, which 
oceur, when the point of intersection q, as has been drawn in Fig. 2, 
lies not only below the melting point of the compound, but also 
below the maximum sublimation point. Also in this case the possi- 
bility is eweluded that the compound melts, and the only way in which 
the solid compound can vanish, is by evaporation. 

The line for solid A„n Bu + G, whieh would touch the three phase 
line A„B„+L-+G in the maximum sublimation point, if this 
point existed, runs on -uninterruptedly to infinity, at least when no 
further complications appear. 

The T-X-projeetion occurring in fig. 2 may contribute te elueidate 
some points. As is to be seen there, the two phase region 4’, gE 
eoexisting with the solid compound, does nof possess any liquid 
or vapour of the composition, of the compound, which is in harmonv 
with the supposition, that the points F and F’ are wanting. i 

In fig. 22 1 have traced the projection of the two phase regions 
coexisting with solid substance, and of the plaitpoint curve on the 
p-x-plane. Further there are some solubility isotherms in this dia- 
gram, which require a few words of explanation, 

The curve f@ecf” denotes the solubility isotherm for a temperature 
somewhat below that of the point q. If we now eonsider the tem- 
perature of the point g, we get a solubility isotherm which touches 
in q, and which has two more points of infleetion, as is indieated 
by the curve /,@,q,gf'. At a higher temperature we get a solu- 
bility isotherm, which does not touch any more, and from which 
the two points of infleetion may disappear. 
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4. In the third place I will point out what Ihave already demon- 
strated in a previous publication '), that when the tension of a com- 
pound is smaller at its "melting. point than that of the components, 
a three phase ceurve may occur with a very peculiar shape, viz 
with one minimum and two maxima. 

Let us now consider the case that the melting point of this com- 
pound lies above the critical temperatures of the components, then 
the very peculiar phenomenon may present itself, that what occurred 
once in the system ether and anthraquinone, is here to be realized 
twice, and that the solubility eurve which runs from one eutectic 
point to the other, meets the plaitpoint curve four times, which 
appears in the PT-projection fig. 3 as a four times repeated inter- 
section of the three phase eurve A„nB„--L-+G and the continuous 
plaitpoint eurve dKXLd in the points p,g,g’ and p. 

It appears from the PT and TX-projections that for all possible 
concentrations a range of temperature may be pointed out, within 
which the solid compound can only coexist with a fluid phase. 
When, however, which is conceivable, the portions cut out of the 
three phase line have no range of temperature in common, the 
temperature regions for solid + fluid, lie above each other, and so 
we have no symmetrical phenomena for any temperature on both 
sides of the line for A„B„ in the PT-projection. 

The systems hydrogen-water and oxygen-water belong to the type 
ether-anthraquinone when the components are miscible in all propor- 
tions. Each of these systems will then yield a point p and a point q. 
Supposing, which is, however, highly improbable, that by the appli- 
cation of a catalyser we could bring about equilibrium between 
oxygen, hydrogen and water vapour at any temperature, we should 
get a continuous three phase line for ee +L+ G as is indicated 
in fig. 3, and also one continuous plaitpoint curve. The equilibrium 
with water, however, lying theoretically almost quite on the side of 
water at lower temperatures, we should commit a practically un- 
appreciable error, when we tried to realize at these lower temperatures 
the diagram drawn here by starting in one case from ice, resp. 
water — hydrogen, and in another case from ice, resp. water + 
oxygen. 

This example, however, is not suitable for illustration of the 
assumed case, because for this purpose we require a compound 
which appreciably dissociates at its melting point. I have only men- 
tioned the system H,—0, to show how remarkable this system is. 

It is very probable that systems are {0 be found, with which the 
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supposed case may be realized without excessive experimental 
diffieulties. This may succeed with NA,—HCl. A system for which 
fig. 3 holds, presents also this particularity, that we have here a 
P, T, X-surface of two sheets with a minimum curve bounded on the 
upper side by a continuous plaitpoint curve, which, in consequence 
of the great difference between the critical temperatures of the 
compound and the components might possibly have the shape 
described here. 

Prof. VAn per Waars was so kind as to draw my attention to 
the partieularities of the P, T, X-surface of two sheets, which may 
be derived directly from those of a surface with a maximum curve, 
by simply reversing everything. The minimum curve, i.e. the locus 
of all points for which the concentration of liquid and vapour are 
the same, forms here the lower boundary of the projeetion of the 
P, T, X-surface of two sheets on the P, T-plane. This curve is repre- 
sented in fig. 3 by the dotted line ZZ’, which touches the plaitpoint 
curve at ZL, and the continuous three phase line at N. This point 
N, Iying between the minimum M in the three phase line and the 
maximum sublimation point F', as I have shown in a paper forwarded 
to tbe Zeitschr. f. phys. Chem. towards the end of September, is 
a point where the concentration of the vapour is equal to that of 
the liquid, and is therefore at the same line a point ofthe minimum 
curve, which becomes metastable on the left of N. The peculiar 
feature in the P,T, X-surface of two sheets drawn here manifests 
itself, when the bounding curves are traced for different concentrations. 

It appears then, that if we come from the side of B, the con- 
centration of the point Z is the first, at which the bounding curve 
presents some particularity. At this concentration we get, viz., two 
bounding curves, which starting from Q and $, terminate at L in 
a so-called cusp, as is here once more separately represented. 


L 


@ 
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With a concentration somewhat richer in A we get now two 
bounding curves which pass continuously into each other. The con- 
tinuous transition takes place where the bounding eurve touches the 
plaitpoint curve. Further this eontinuous bounding eurve shows this 
particularity that the two branches touch each other near the eritical 


zer IN 
DS; 


On the phenomena which occur when the plaitpoint curve meets the three phase line of 
a dissociating binary compound.” 


A. SMITS, 


Fig. 2a. 


Fig. 3 


Amsterdam. Vol VIII. 


Proceedings Royal Acad. 


f 
F 
Be 
RN 
Bw 
ii 


ur 


2 * 
3 
“ 


) 


point, and form in this way a loop, as is separately represented below. 


The point of tangency m lies on the minimum curve. 

With eoncentrations still richer in A, the character of the bound- 
ing curves remains the same, only the point m shifts along the 
minimum curve towards N, so that, when we choose the concen- 
tration corresponding with the point N, the bounding curve gets 
this shape, where the vapour branch as well as the liquid branch 
touches the three phase line at N. 


N 


If we now pass on to greater concentration of A, we get again 
bounding curves of the usual form, for the point of tangency m lies 
now in the metastable region. If the critical point of the bounding 
curve, coineides with the maximum temperature of the plaitpoint 
eurve then m lies at the absolute zero point. Leaving further parti- 
eularities undiseussed, I will only just point out that the minimum 
eurve, beyond the point N towards lower temperatures, lies below 
the three phase line, which is necessary, because the supersaturate 
solution has a smaller vapour tension than a saturate one and it is 
wanted for the realisation of the metastable branch of the minimum 
curve that the solid substanee does not make its appearance. 

Now as to the T-X-projection on fig. 3 we may still remark, 
that in accordance with the foregoing remark the liquid line gF’Ng’ 
cuts the vapour line g?Ng’ in Nata temperature and pressure 
lying somewhat below that of the maximum sublimation point 7”, 
but slightly above that of the minimum point M of the three phase 
line. In N vapour and liquid are therefore of the same concen- 
tration, but this is not the case at the minimum M. 

In fig. 3a the projeetion is represented of the two phase regions 
coexisting with solid substance on the p,x-plane, which diagram does 
not call for further elucidation. 

Amsterdam, December 1905. 

Anorganic-Chemical-laboratory of the Unwersity. 
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Chemistry. — “On the course of the spinodal and the plaitpoint 
lines for binary mixtures of normal substances.” By J. J. 
van Laar. (Third communication). (Communicated by Prof. 
H. A. LoRrENTZ). 


1. In my last paper ') on the above mentioned subject I discussed 
the general equations of the spinodal and the plaitpoint lines, viz. 
RT=/(v,a) and F(v,«)=0 (derived in a previous communication ’?)) 


for the special case d,=b,, i.e. «=, when x denotes the ratio 
2 


of the eritical pressures La ‚and 9 that of the eritical temperatures 
Pı% ı 

of the components. (The higher eritical temperature is always 7),). 
I started from van DER WaaLs’ equation of state, where b was 
assumed to be independent of v» and 7‘, while further in the quadratie 


equations : 
b.==(l—a)'b, + 22 (l—a)b, tar, 


a—=(l1—.a)’a, +22 (l—a)a, + .xa, 
it was assumed that 
VE) FR (3 a 6 a RE N 
which reduces the above expressions to 
b=(l—-a)b, +ub, 
a—=((l—-a)ya, +xya,). 


Henceforward we shall indieate by the name normal (binary) 
mixtures such mixtures, the components of which are not only simple, 
but where both the relations (1) may be considered as satisfied. 

The diseussion in question led to the oceurrence of two separate 
branches of the plaitpoint line (see plate loc. eit.), which present 
a double point at a definite value of 6 (fie. 4). If 4 < 2,89 
(when 5, =b,), we have the normal shape, represented in fig. 2; if 
9>2,89, we find the abnormal shape, represented in fig. 1, which 
as yet has been only considered possible for mixtures, of which at 
least one of the components is associating (abnormal). (C,H, + CH,OH, 
C,H, + H,O, SO, + H,O, Ether + H,O). 

The possibility of a third case was also briefly mentioned (see 
fig. 3), examples of which have been described inter alia by KuENEN 
(C,H, + C,H,OH, ete.) ; but this case was not further discussed, nor 
the connodal relations and three phase equilibria, which, for the 
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rest, were already known. (The chief points had already been 
previously deseribed by Korrtkwke and van DER WAALS). 

‚In a later paper!) th& place of the double point, th2 knowledge 
of which is important, because it indicates the separation of two 
very different types, was determined for the perfectly general case 


b, 2; and the discussion of the shape of the plaitpoint line was 


extended to the case m =1, i.e. to the case which is of frequent 
oceurrence, that the critical pressures of the two components are 
equal. In this latter case it was inter alia found, that not before 
#> 9,9 the case of fig.1 loc. eit. is found. 

I further derived from the perfectly general expression : 


BRT= 1(u.2) 8 Ze) (0 


EN, nr le) 
of the plaitpoint line also the initial course, viz. er ) ‚ chiefly 
1 & 0 


in connection witb opinions expressed previously on this point. 

As I remarked before (loc. eit. p. 34), VAN DER WaAALS had already 
drawn up the differential equation of the plaitpoint line, and drawn 
a series of general conelusions from it. Also in a few papers of very 
recent date’) he has demonstrated in his own masterly way how 
far we may get with general thermodynamical considerations and 
general relations, derived from the equation of state. But seeing that 
Van DER Waaus himself in his Ternary Systems IV (These Proc. V, 
p. 1—2) with perfect justice emphatically points out the absurdity 
of the often prevailing opinion as if an equation of state should not 
be required for the knowledge of the binary systems, I have consi- 
dered it not unprofitable to transform the differential equation of the 
plaitpoint line, viz. tan where / represents the second 
member of RT=/f(ve,a) — the equation of the spinodal lines — 
by means of the equation of state into a finite relation F(v,«), which 
in combination with RT=f(v x) expresses the plaitpoint line in the 
usual data 7,v,®. This enabled me to get acquainted with new par- 
tieulars concerning its course (inter alia its splitting up into two 


separate branches), and to examine this course in its details more closely 


1) Arch. Tsyzer (2) X, Premiere partie, p. 1—26 (1905). 

2) These Proc. VII, p. 144, 

3) These Proc. VII, p.27 1298. The first mentioned paper was cited by me 
(loc. eit. p. 34), so it has by no means “heen overlooked”, that already ten years 
ago VAN DER WAALsS determined the principal properties of the eritical ine, (cf. 
v. D. Waars loc. cit. p. 271). 
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than has been done up to now. I also pointed out (loc. eit. p. 15) 
‘that already before me Kortewss has tried to find a finite expression 
for the plaitpoint line, but has not fully succeeded in this. His dis- 
cussion extends after all only over the special case ') b,=b,—b, ,, a,=a, 
(but a,,=xa,), .whereas in my paper cited it was assumed in the 


discussion that 5, = b,, but that a, ii (anda,,—Y a, a,). KORTEWEG’S 


paper is of the highest importance, specially with regard to the 
connodal relations, which are often so intrieate, and to which we 
shall presently come back. 

The equation of the plaitpoint line once being derived in the above 
mentioned finite form, it was hardly any difficulty to derive also 


LT > 
for the expression m 7 ) on the side of lower critical temperature 
1 u {1} 


T 
an accurate expression, in which only the quantities®e = — anda —= = 


T, Pı 
oceur. In VAN DER Waars’ paper mentioned by me in the paper 


cited, again only the general differential equation for the expression 
mentioned is given. (cf. (9) p. 89). 


2. Some important points are left for discussion. 

1% The discussion of the transition case at the double point, with 
regard to the shape of the spinodal lines ete; and the diseussion of 
the possibility of the 314 case (loc. eit. fig. 3). 


2rd The treatment of the special case #81. 


3ıd The different connodal relations in the three chief cases and 
in the transition case. 


4 The partieularity of the cusp at R,, R, and R,' in the P,T- 
representations of the three cases (loc. eit. 1a, 2a and 3a). 


5öth The question concerning*the occurrence of a minimum eritical 
temperature, and in connection with this of a maximum vapour 
pressure. 


Let us in accordance with our last paper (loc. eit. p. 144) begin 
with the fifth point. 


a. Mimimum-critical temperature. 
In this paper I derived the formula: 


Ie7dTs 1 1 , : IN? 
(=), [rl =] . (2) 


!) Arch. Neerl. 24 (1891), p. 297, 324, 337 and 341. 
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Putting A<{0, we get: 


ver) -1<0 


1.e, 
e< an. 
(4- 5 v.) 
or 
AnvVn 
a< ——— . 
= (VYa—1)’ () 
This gives the following synopsis: 
ec 
a<',; 1 2 2 Er al ae 


8 always being assumed >1 (T, is the lower of the two eritical 
temperatures), a minimum critical temperature can only oceur, when 
a, i. e. the ratio of the two eritical pressures > '/1- 

If x —='/, this takes place for all values of 0; if m='/, only 
for values of # between 1 and 2; ete. etc. (For m=1,a minimum 
oeeurs in the above series of extreme values for ®, viz. O=1). 
Now in by far the most cases = will probably lie between 1 and 4, 
so that 9 will always have to be quite near 1, ifa minimum eritical 
temperature is to be found. 

Let us take as an illustration the normal substances C,H, and 
N,O, investigated by Kvrnen. There 


2 14 


273 + 36 
aa ae Bene 


=. 2%. —1,.00 
273 + 35 ; 
According to the above rule, # has to be smaller than 1,04, if 7), 
is to be minimum. This is the case here. Kvrnen found really a 
minimum value for 7%. 

We also call attention to the fact that when b,=b,, so nr =6, 


no value of’ 6 exists >1 satisfying the inequality (8). For d&=n—=1(a,—a,, 
d,—=b,) the two members are equal, and the line of the eritical 
temperatures is a straight line. The foregoing is in perfect concordance 
with what we have derived in a previous paper with regard to this 
point (loc. eit. p. 43). 

Also in the special case m—=1 evidently not «a single value of 
8 exists greater than 1, which satisfies (3). But in the case 0=1 


there is ahvays a value of m conceivable, yielding a minimum for 
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T.. Evidently in this case Yx must be greater than '/,, as 
KV) IV a) 4-6Va—l=(Va—1) dya-), 
and henee = >'/,, in agreement with what has already been 


found above. 


b. Maximum of vapour pressure. As is known, this will occur at 
higher temperatures, when at lower temperatures in the case of a three 
phase equilibrium the three phase pressure does not lie between the 
vapour pressures of the two components, but is greater than either. The 
concentration x, of the vapour lies then between the concentrations 
x, and x, of the two liquid phases. On the side of the lower critical 
temperature «,>x, will always have to be satisfied. 

Let us now try to determine the condition for this. 

For equilibrium between the phase 1 and 3 we have evidently 
when u, and u, represent the molecular potentials of the two components: 


(ua), = (Ha), ; (w), = (wm); 
or 


d 92 
eu (2 zu 3) ARTEN EHE (2-2) +RTlog( 1) 
a), Bf: 


’ 


02 02 
G-(2+0-2,,) + RTloga, =0-(240-0,,) +RTloga, 


where 2 = f pdv — pv, and C„ and C, are functions of the tem- 


perature. 
Subtraetion of the two equations yields: 
02 1—: 02 1—r 
MR 13 FE ES rim 
5 v dr, 2, 
or 


„a a 1080008 
. a, 1—a, RT da, Im ! 


as has been repeatedly derived before, inter alia by VAN DER Waars. 


02 
Now we found before for —- (l.c. p 649 formula (3) and p. 650): 


02 2a. a 
“es = Ser; vVa,—Va)-— (? on N ( b,). 
Hence we bave for 2=0, when a=a;: 


v2 92 an 
(5 ie =) = Ya (Ya -yYa)) e S n BARRIERE & in 2 | 
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1 1 
so that we get at low temperatures (when — and — may be neglected 
Rn, dv, 
and v, =b, may be put)! 
(2 & 1 a,b) 2ya(Va,—V 4) Br (4) 
DET b, 
From this we see already, that when 4,=b, (r=9), so 


Va,> Va, (because # must be larger than 1), then (1 =) is always 
EN 


negative, 1.e. %,<®,. Hence just as little a three phase pressure > 


than the two vapour branches, as a minimum critical temperature. 
Let us now proceed te derive the condition for 2, >a, from (4). 


Then (diviaing by we must get: 


1 


va 
b "(b,—b) >ıya,—Va) 
1 
1. ©. 
b va 
a ee 
b, Ri Me 
ei 0 4 Ve 
or as wi an VRR 
0 o) 
Seen 2 ——, 
= lm 2a 
from which follows: 
FL 
eg ee 5 
— 2ya-l 6) 


Hence this condition is another than the condition (3) for the 
minimum critieal temperature, and we shall at once examine in 
how far the two conditions include or exelude each other. 

No more than for m—=6 does a value of 4 satisfy the above 
inequality for x=1. I9—-l, then, provided Var >'),, # — 2yaHl 
must be >0; and as this will always be satisfied, @, will be >, 
for d=1 on the side of the first component, when wo. We 
found only then a minimum critical temperature for d—1, when 
> ie) 

We can now easily prove, that always: 

4Anyn PL 
Bya_ı “aya-ı' 
when x >'/, For the above leads to: 
(BVa-ıy >Avaßva-ı) 


netor—2ya+1>9 which is again always satisfied. 
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Hence we have for r>'/: 

If there is a minimum critical temperature, then also ©, >.«, \but 
not necessarily vice versa); if not x, > &,, then there is no minimum 
of T,. (Again the reverse need not be true). 

If x should be < '/,, then never ©, > «,, while T;, is only minimum, 
when (3) is satisfied, viz. if m >'/,,. But this exceptional case, viz. 
that for # >1 the value of x remains below '/,, will be very rare. 

It appears therefore convineingly from the above, that the two 
conditions include each other often, but by no means always. 

Just one example: Zther + H,O. 

273 + 364 


195 
= 973 1108 


— 136, = — 5,442, Va—= 2,35. The 


Here # er 


51,0 
second member of (3) becomes therefore en 1,39. As therefore 
’ 


#<1,39, there will be a minimum critical temperature, and hence 
also x, >, according to the above rule. In fact the second member 
of (5) =1,46, and # being <1,39, so a fortiori 8 < 1,46. 

What is found, is in harmony with experiment, as the three phase 
pressure was found larger than the vapour pressure of ether. 

Let us now take C,H, + H,O. 

Here the three phase pressure was found smaller than that of 


C,H,. Let us now examine if the inequality of (5) prediets the same. As 
_ 273 + 364 195 


= ——— = 2,07 = ——_ —: 
273 + 35 ’ T 45,2 4,31, Yvr 2,08, so we find 


n 
for ONE] the value 1,36. And so 2,07 is not <1,36 now. Here 


too the rule holds again. 
According to the above rule there is now not a minimum critical 


temperature either. The second member of (3) becomes now au =1,31, 


27,5 
and 2,07 is still less < 1,31 than —el.o6: 
The two examples are illustrations of the first prineipal type, 
where a plaitpoint curve runs from C, to A, and one from (, to OR 
The reader will observe, that water serves here as 2ud component, 
so a very abnormal substance. But we must bear in mind, that in 
the neighbourhood of 2=0, where both the rules hold, the liquid 
phase consists almost entirely of ether (resp. C,H,), so that the water 
present may be considered as almost perfectly normal on account 
of the extremely high degree of dilution. 
For the sake of completeness we mention that two other known 
examples, which with those mentioned are about the only ones 
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known, or rather investigated, which belong to Type 1, both follow 
the rule derived. 

With C,H, +CH,OH # is viz. 1,69, 2—=1,63, so on account 
of 2x —=6, az, cannot be >x,. And with SO, +H,0, 0 =1,49, 
x —= 2,47, Vx—=1,57, hence the second member of (5) =1,15. And 
1,49 is not <1,15, so a, is also not >,. This implies again that 
no minimum critical temperature is found. 

So the fact that ofthe four mixtures C,H, + CH,OH,, C,H, + H,O, 
SO,-+H,O and ether +H,O only the last has a three phase 
pressure greater than the vapour pressures of the two components, 
is in perfect harmony with the theoretical derivations given above. 


3. Let us now briefly diseuss the {hird point, viz. the connodal 
relations. As we are guided by the different figures of the adjoined 
plate, a few words will suffice. The essential part was already given 
by me in a few suggestions in one of my last papers (loc. eit. 
p. 37 at the foot and p. 38 at the top; p. 44 at the foot and p. 45 
at the top; p. 48 in the middle), where I referred to KorTEWEG’S 
well-known papers, with regard to the neighbourhood of the points 
R, and R,, and to some papers by van DER Waars, with regard to 
the points R, and R', with the third principal type. 

Now we may add to this, that recently VAN DER Waaıs [in the 
Proceedings of the same Meeting as in which my first paper on the 
spinodal and the plaitpoint lines was published (Meeting of March 25 
1905)] has given an addition to his former considerations concerning 
the just mentioned third type, in agreement with what KoRTEWEG 
derived for this case already 14 years ago (loc. eit. p. 316—318, 
figs. 30—35). We have reproduced this course of transformation in 
our figs. 9, 10 and 11, but now in connection with our former 
considerations on the course of the plaitpoint line. So also in 
other cases. 


a. Principal type I (figs. 1—6). 
In fie. 1 we see the gradual transformation of the principal 


(transverse) plait, when the temperature falls from = a 2,37 
x 0 
at C, to 0,80. (These numerical values relate to special case b,=b,, 


but when 2, SI, the relations are modified only numerically, as 1 


have demonstrated in the above eited paper in the Arch. Teyler). 
| T 


T, is the temperature of the point 0, and’ıs put == 1. ı=n 
ı 
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is here =4. (ef. for these and other data the already repeatediy 
mentioned paper in these proceedings). 

The plaitpoint /P has strongly shifted to tlıe side of the small 
volumes ; there is always equilibrium between a gas phase 3 anda 
liquid phase 2, which is comparatively rich in the 2nd component. 
With smaller“ volumes the gas phase 3 is practically equal to a 
liquid phase, but the transition is gradual. (The full-traced border 
curves of tbe plaits in their v, «-projeetion, on which tbe straight 
node lines rest, represent everywhere the connodal lines; the dotted 
lines always represent the spinodal curves; the plaitpoint line is 
indieated by crosses). 

At =1,6 and r=1 we see the connodal lines in the figure. 
If r is somewhat below 1, e.g. 0,98, a connodal line arises running 
at a short distance round C,, while the large eonnodal line shifts 
its plaitpoint further to C,. At = 0,97 the two plaits meet in a 
homogeneous double point‘). At still lower temperatures we have an 
open plait, of which the two branches of the connodal line recede 
towards the right and the left, and which is traced for r = 0,8. Up 
to the highest pressures, x, and x, continue to differ, and it is no 
longer possible to mix the two phases to one homogeneous liquid 
phase by pressure, however great. With values of 7’ between 7, 
and 0,977, the homogeneity reached at a certain high pressure was 
again broken at still higher pressure, after which the two phases 
diverge more and more up to a certain limit. 

In fig.2 an important moment has been represented. At r —= 0.63 
the spinodal ceurve Zouches namely the plaitpoint line C,A in R,, 
and from this moment a new closed connodal line begins to appear 
of the shape as is represented in fig. 3 (r = 0,62) within the connodal 
line proper. The spinodal line touches that isolated eurve twice, i.e. 
in the plaitpoints p and p' [all this has been fully explained by 
Kortewse (loc. eit.)|, which for = 0,63 coineide to a so-called 
“point double heterogene” in R,?).” The eonnodal line in question 
does not yet present, however, realizable equilibria, because that line 
lies on the y-surface above the tangent plane to the connodal line 
proper, which determines the phases 3 and 2. 


!) In fig. 1 the spinodal lines seem to touch each other in this double point ; 
of course this has to be an intersection. 

®) It need hardly be mentioned, that every time only one, after the contact at R, 
two points of the plaitpoint line correspond with the temperature of the spinodal 
and connodal line under consideration. All the other points of the plaitpoint line 
which is every time projected as a whole, belong to other, lower and higher tem- 
peratures, 
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Fig. 3a gives an enlarged, schematical representation of that iso- 
lated connodal line, where some straight lines represent the “hidden”, 
non-realizable equilibria. The points @ and a’, and in the same way 
b and b' are corresponding points. The “tail”” at b' is always directed 
towards the side of the plaitpoint (which has already disappeared in 
our diagram) of the prineipal plait, the “point at a lies on the 
opposite side. 

We point out that the shape of the spinodal line, as is drawn 
in figs.3 and 3a, implies, that it touches the plaitpoint line in the 
peculiar way, indicated in fig. 2. In the immediate neighbourhood of 
R, the uppermost portion lies left of the common tangent, the lower- 
most portion on its right. 

At somewhat lower temperatures, in our example at 7 — 0,61 
fig. 4), the isolated connodal line begins to touch (in M) the connodal 
line proper, and from this moment one of the two new plaitpoints, 
viz. p, will become the plaitpoint of a new branch plait, which has 
thus arisen from the prineipal plait in the way described above. 
Of. e.g. fig.5, where = 0,60. The point p' is always unrealizable, 
and this continues so down to the absolute zero, where the plaitpoint 
line terminates in A. On the other hand all the plaitpoints P from 
M to C, will form realizable plaitpoints of the new plait. 

In fig. 4 phase 3 begins to split up into two new phases, the gas 
phase proper 3, and a new liquid phase 1, rieh in the 1° component 
of the mixture. There is a three phase line, the beginning of a three 
phase triangle (see fig. 5), which continues to exist from this point 
down to the lowest temperatures. 

In fig.5 it is also seen how the connodal line which passed on 
uninterruptediy before, but which is now broken off in the angles 
1 and 3 of the three phase triangle, proceeds on the w-surface. 
With this corresponds the well-known “ridge” on the eonnodal line 
at 2. 

At — 0,59 the new plaitpoint P reaches the lower critical tem- 
perature C,, and from this moment the branch plait is always open 
on the side «&=0, and this continues so down to the lowest 
temperatures. | 

The p,«-representations are omitted for want of space. 

Fig. 6 gives the »,7-diagram of the plaitpoint lines. Noteworthy is, 
that we meet with a cusp in the line (‚A at R,, where the spinodal 
line touches the plaitpoint line (ef. fig. 2). We shall prove this further 
on. As we have already shown in our former paper, the pressure p 
approaches —2ı7p, M A, where T=0. (This derivation holds 
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evidently also for the general case that 0). Comparison with 


fig. 4 teaches us, that the point M, where the three phase pressure 
begins, lies at a temperature lower than that of R,. If the three 
phase pressure lies between the vapour pressures of the two com- 
ponents (the full-traced curves starting from (©, and C, represent the 
vapour tension lines), in other words if =, >«,, then fig. 6 holds; 
if on the other hand x, >, and the three phase pressure always 
higher than the vapour pressure of the two components, then fig. 6a 
holds. The line C,R shows then a minimum. (In the figure the three 
phase pressure line is always denoted by AAA). 


b. Principal type II. 

After what has been discussed above, the relations for this type 
may be made sufficiently clear even without diagrams. At a tem- 
perature somewhat lower than that of R,, where the spinodal line 
again touches the plaitpoint line (now C,A) a three phase equilibrium 
again prevails. Now the gas phase 3 does not split up into 3 and 
1, as with type I, but the liquid phase 2 into two liquid phases 2 
and 1. Just as with type I the plaitpoints from M (between R, and 
C,) to A were unrealizable (cf. also fig. 6), those from M (now between 
k, and (,) to A are now also unrealizable. The three phase equi- 
librium formed continues to exist down to the lowest temperatures. 
Here the same phenomenon of the minimum critical temperature in 
the neighbourhood of.C, is met with as with type I. At tempera- 
tures lower than 7’= 0,96 7, the two liquid phases 1 and 2 are 
no longer to be mixed to one homogeneous phase by pressure, 
however great. 

The successive p, «-lines are again omitted. 

Finally we find in fig. 7 the »,7-representation. The three phase 
pressure line lies here between the two vapour pressure lines, so 
that x, <x, on the border near 20. 


c. Principal type III. 

The possibility of this type for mixtures of normal substances will 
be examined separately afterwards. When it oceurs (inter alia for 
mixtures of C,H, with C,H,OH,, ete,, for triethylamine and water), 
then the plaitpoint line C,C, has the shape drawn in fig. 8. 

If we pass downward from the higher critical temperature at GH 
a double plaitpoint will again oceur at R, at the temperature indi- 
cated by £,, hence formation of an isolated eonnodal line as in fig. 3, 
at somewhat lower temperature. This goes on till at it, the closed 
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eurve in MM" begins to get outside, i.e. outside the connodal line 
proper of the prineipal plait, at which the phase 3 begins to split 
up into 3 and 1 just as’in fig. 4. This splitting up itself is repre- 
sented at £, in fig.9. A three phase equilibrium has formed then 
just as in fig.5. The shape of the different connodal lines is still 
quite the same as in the analogous case in fig. 5, only the plaitpoint 
P of the prineipal plait had already disappeared there. This course 
has already been given by KoRrTEWEG, as was mentioned above, and 
VAN DER WaaALs, t00, has accepted it in one of his last papers (loc. 
eit.) on the transformation of a prineipal plait into a branch plait 
and tlıe reverse. 

The three phase equilibrium established is however not of long 
duration as we shall see. At still somewhat lower temperature 1, & 
very interesting transformation takes place (see fig. 10), also men- 
tioned by Kortzwee (loc. cit. p. 318, fig. 34), and later by VAN DER 
Waaıs (l.c.). The small letters a, d,c,d and a’, b', c',d' placed in fig. 9 
give a clear idea of the transformation. 

Still somewhat lower, at it, (fig. 11), the plaits have reversed their 
funetions; the branch plait of fig. 9 has become a principal plait, and 
reversely the prineipal plait has been transformed into a branch 
plait. We may notice that the “tail” at 5 is always turned to the 
side of the prineipal plait, both in fig.9 and in fig.11. Also the 
“pidge” has changed its place after the transition of fig. 10. 

And then the further transformation resumes its normal course. 
There comes a moment, at t, (represented in fig. 8), that the isolated 
eonnodal line of fig.11 begins to retreat within the connodal line 
proper of the prineipal plait. This takes place in M', and the three 
phase equilibrium, which accordingly has been of very short dura- 
tion, finishes. The two phases 1 and 2 have again coincided, and 
after this we have only coexistence of 3 and 2, as before, and as 
with type II before M in the neighbourhood of %R,. The plaitpoint 
P of the prineipal plait.continues to exist for some time more, but 
will soon also disappear (at C,) ') Also the closed connodal line 
vemains past M' still for a short time within the connodal line 
proper, gets smaller and smaller, and disappears at last at A,', where 
the spinodal line touches the plaitpoint line once more (fig. 8 at £,). 
The temperature Z,, is the lower eritieal temperature of the two 
components, that of C,, and at still lower temperatures we begin 
gradually to approach tlie second plaitpoint line 6,4. 


1) The temperature of R'y (and M') may also be lower than that of O5. This 
really occurs for the above inenlioned mixtures. The point P‘of the principal 
plait has then already disappeared before 1 and 2 coincide at M'. 
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At t,, contact of a spinodal line and the plaitpoint line takes 
place for the third time, viz. at the branch (,A mentioned. Again at 
somewhat lower temperature a three phase equilibrium will be found 
at M by the repeated splitting up of 2 into 1 and 2, and now for 
good and all, down to the lowest temperatures. All this is quite 
identical with the case treated with type II. 

Theoretically of importance for this remarkable third (very ab- 
normal) prineipal type is therefore this, that after the two liquid 
phases 1 and 2 have become identical at 47’ (t,), there must again 
take place splitting up of the homogeneous liquid phases into two 
separate phases with sufficient lowering of the temperature, viz. at 
M, somewhat below R, (cf. also fig. 12). 

We point out that the point M in fig. 4 and 6, and in fig.7 isa 
so-called upper mixing-point, i.e. that at temperatures higher than the 
temperatures corresponding with that point the two phases 3,1 or 
2,1 will form one homogeneous phase. The same thing is also the 
case for the points M and M" of figs. 8 and 12. Above the tempe- 
rature of M 1 coincides with 2, above that of M" again 1 with 3. 
But the point M’ is there a so-called lower mixing-point, for at 
temperatures lower than that of M' the phases 1 and 2, distinet at 
higher temperatures, coineide to one homogeneous phase. 

For the plaitpoint line C,C, of the third type (fig. 8) all the points, 
lying between M" somewhat before R, and M' somewhat beyond 
k',, are not to be realized. They form again the series of hidden 
plaitpoints »', indicated in the figs. 9—11. 

The », x-representations are again omitted. 

In the figs.12 and 12a the 9,7-representations of the plaitpoint 
line are drawn of the type mentioned. We again notice the three 
cusps R,, R, and R’,. In fig. 12 the three phase pressure lies between 
the vapour pressures of the components; in fig. 124 above them. 
C, R, has then again, as in fig. 6a, a retrogressive course, 

We shall put off the discussion of the remaining points to a 
following paper. Those points are: a. The transition case between 
type I and II with the double point; d. the discussion of the possi- 
bility of the occurrence of type III; c. some remarks on the special 
case 9 —=1; d., the proof, that in the pP, T-representations the different 
points R,,R, and R', are cusps. 


J. J. VAN LAAR. “On tho course of the spinodal and the plaitpoint lines for binary mixtures of 


normal substances.” (Pnird communication). 
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Physics. — “The absorption and emission lines of gaseous bodies.” 
By Prof. H. A. LoRENTZ. 


(Gommunicated in the Meetings of November and December 1905). 


$ 1. The dispersion and absorption of light, as well as the 
influence of certain eircumstances on the bands or lines of absorp- 
tion, can be explained by means of the hypothesis that the molecules 
of ponderable bodies contain small particles that are set in vibration 
by the periodic forces existing in a beam of light or radiant heat. 
The connexion between the two first mentioned phenomena forms the 
subject of the theory of anomalous dispersion that has been developed 
by SELLMEYER, Boussınesg and HELMHoLTZ, a theory that may readily 
be reproduced in the language of electromagnetic theory, if the 
small vibrating partieles are supposed to have electric charges, so 
that they may be called electrons. Among the changes in the lines 
of absorption, those that are produced by an exterior magnetic field 
are of paramount interest. VoIT') has proposed a theory which 
not only accounts for these modifications, the inverse ZEEMAN effect 
as it may properly be called, but from which he has been able to 
deduce the existence of several other phenomena, which are closely 
allied to the magnetic splitting of spectral lines, and which have 
been investigated by HarLo °) and Geest’) in the Amsterdam labo- 
ratory. In this theory of Voigt there is hardly any question of the 
mechanism by which the phenomena are produced. I have shown 
however that equations corresponding to his and from which the 
same conelusions may be drawn, may be established on the basis 
of the theory of eleetrons, if we confine ourselves to the simpler 
cases. In what follows I shall give some further development to 
my former considerations on the subject, somewhat simplifying them 
at the same time by the introduction of the notation I have used 
in my articles in the Matbematical Encyclopedia. 


1) W. Voısr, Theorie der magneto-optischen Erscheinungen. Ann. Phys. Ühem. 
67 (1899), p. 345; Weiteres zur Theorie des Zerman-effectes, ibidem 68 (1899), 
p. 352; Weiteres zur Theorie der magneto-optischen Wirkungen. Ann. Phys,, 1 
(1900), p. 389. 

2) J.J. Haıro, La rotation magnetique du plan de polarisation dans le voisinage 
d’une bande d’absorption, Arch. Neerl., (2), 10 (1905), p- 148. 

3) J. Gesst, La double röfraction magnetique de la vapeur de sodium, Arch. 
Neerl., (2), 10 (1905), p- 291. 

+) Lorentz, Sur la theorie des ph&nomenes magneto-opliques röcemment decou- 
verts, Rapports pres. au Congrös de physique, 1900, T. 3, p. 1. Y 
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$ 2. We shall always consider a gaseous body. Let, in any’point 
of it, € be the electric force, 9 the magnetic force, P the electric 
polarization and 
DE a 
the dielectrie displacernent. Then we have the general relations 
08, ..09, 1 09. 09 09 _ 108, 


Iy.ini de nenn denierdan Adam DER 


—o — 0 y ‘ 2 
0x oy BE 08 (2) 
08, 0E, = 170%, 98, 0°; [N Ei 9.9, 
ER FENDER 
an Sie SE N 
di 00777 ce 0 (8) 


in which ce is the 'velocity of light in the aether. 

To these we must add the formulae expressing the connexion 
between & and 9, which we can find by starting from the equations 
of motion for the vibrating elecetrons. For the sake of simplieity we 
shall suppose each molecule to contain only one movable electron. 
We shall write e for its charge, ın for its mass and (X, y,z) for 
its displacement from the position of equilibrium. Then, if N is the 
number of molecules per unit volume, 


%»=Nex, y=Ney, =Nez.. .. (4) 


$ 3. The movable electron is acted on by several forces. First, 
in virtue of the state of all other molecules, except the one to which 
it belongs, there is a force whose components per unit charge are 
given by!) 
+ 0aP, E, + ap EG: t+e%,, 
@ being a constant that may .be shown to have the value 2], an 
certain simple cases and which in general will not be widely different 


from this. The components of the first force acting on the electron 
are therefore 


e(& taP), e(C, Ha), e(&:-+a P%) . 20) 

In the second place we shall assume the existence of an elastie 

force directed towards the position of equilibrium and proportional 
to the displacement. We may write for its components 

— x, —/fy, — fz, BE Nee WE (6) 

J being a constant whose value depends on the nature of the molecule. 


') Lorentz, Math. Eneycl. Bd. 5, Art. 14, 8$ 85 and 36. 
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If this were the only force, the electron could vibrate with a 
frequency n,, determined by 


Da al Ba ne eh 7) 


In order to account for the absorption, One has often introduced 
a resistance proportional to the velocity of the electron whose com- 
ponents may be represented by 

d d 
97, 97, a. NET RE ER eh) 
if by g we denote a new constant. 

We have finally to consider the forces due to the external mag- 
netie field. We shall suppose this field to be constant and to have 
the direction of the axis of z. If the strength of the field is H, the 
components of the last mentioned force will be 

eu a) 
ed eo dt 

It must be observed that, in the formulae (2) and (3), we may 
understand by 9 the magnetic force that is due to the vibrations 
in the beam of light and that may be conceived to be superimposed 
on the constant magnetic force H. 


$ 4. The equations of motion of the E are 


d’x eHdy 
el am) — X —9 en 
23 ara char 
raue Kae 2 a 0 aa ER 
d’z 


dz 
—e(E, Da a! 
ee F I 
These formulae may however be put in a form somewhat more 


convenient for our purpose. 
To this effeet we shall divide by e, expressing at the same time 
x,y,z in P,, Py,P;. This may be done by means of the relations (4). 


Putting 


Ne 7 . D . . (10) 


we find in this way 


Ir ‚9%: H 9%, 
le ee 
” een N one: 
IP: 
m’ ns Lay f 9% — I ——- Ep 


41* 
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The equations may be further simplified, if, following a well 
known method, we work with complex expressions, all containing 
the time in the factor e*'. If we introduce the three quantities 

Ba Se I a 


— et 
and 


EN 


the result becomes 
G=ärinp —i5Y, 
G,=E +), +i5pn a 
€, = (£ + in) P.. 


$ 3. Before proceeding further, we shall try to form an idea of 
the mechanism by which the absorption is produced. It seems diffieult 
to admit the real existence of a resistance proportional to the velo- 
eity such as is represented by the expressions (8). It is true that in the 
theory of electrons a charged particle moving through the aether 
is acted on by a certain force to which the name of resistance may 
be applied, but this force is proportional to the differential eoeffieients 
of the third order of x,y,z with respect to the time. Besides, as 
we shall see later on, it is much too small to account for the absorp- 
tion existing in many cases; we shall therefore begin by neglecting 
it altogether, i.e, by supposing that a vibrating electron is not subject 
to any force, exerted by the aether and tending to damp its vibrations. 

However, if, in our case of gaseous bodies, we think of the mutual 
encounters between the molecules, a way in which. the regular 
vibrations of light might be transformed into an inorderly motion 
that may be called heat, can easily be conceived. As long as a mole- 
cule is not struck by another, the movable eleetron contained within 
it may be considered as free to follow the periodie eleetrie forces 
existing in the beam of light; it will therefore take a motion whose 
amplitude would continually increase if the frequency of the incident 
lieht corresponded exactly to that ofthe free vibrations of the eleetron. 

In a short time however, the moleeule will strike against another 
particle, and it seems natural to suppose that by this encounter the 
regular vibration set up in the molecule will be changed into a 
motion of a wholly different kind. Between this transformation and 
the next encounter, there will again be an interval of time during 
which a new regular vibration is given to the electron. It is elear 
that in this way, as well as by a resistance proportional to the velo- 


(55) 


eity, the amplitude of the vibrations will be prevented from surpas- 
sing a certain limit. 

We should be led into serious mathematical diffieulties, if, in 
following up this idea, we were to consider the motions actually 
taking place in a system of molecules. In order to simplify the 
problem, without materially changing the eircumstances of the case, 
we shall suppose each molecule to remain in its place, the state of 
vibration being disturbed over and over again by a large number of 
blows, distributed in the system according to the laws of chance. 
Let A be the number of blows that are given to N molecules per 
unit of time. Then 


——T 


A 
may be said to be the mean length of time during which the vibra- 
tion in a molecule is left undisturbed. It may further be shown 
that, at a definite instant, there are 


moleceules for which the time that has elapsed since the last blow 
lies between $ and 9 d9. 


$ 6. We have now to compare the influence of the just men- 
tioned blows with that of a resistance whose intensity is determined 
by the coeflicient 9. In order to do this, we shall consider a mole- 
cule acted on by an external electric force 
aeint 
in the direction of the axis of x. 
If there is a resistance g, the displacement X is given by the 
equation 
3 
mern _ 2-97, +aeert, 
so that, if we confine ourselves to the partieular solution in which 
x contains the factor ei”', and if we use the relation (7), 
' ae 
= I nn,’ -n’) + ing 
In the other case, if, between two successive blows, there is no 
resistance, we must start from the equation of motion 
d’x 
et unanet) 


whose general solution is 


a Er heiandl1d) 
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int 
x 1 Geimtt Gent, N, 


m(n,’—n?) 
By means of this formula we can calculate, for a definite instant 


i, the mean value x for a large number of molecules, all acted on 
by the same electric force ae'rt. Now, for each molecule, the con- 


dx 
stants C, and (C,'are determined by the values of x and immediately 


- dx 
after the last blow, i. e..by the values x, and (2) existing at 
o 


the time 1—9, if $ is the interval that has elapsed since that blow. 
We shall suppose that immediately after a blow all directions of 
the displacement and the velocity of the electron are equally pro- 


dx 
bable. Then the mean values of x, and (2) are 0, and we shall 
0 
find the exact value of x, if in the determination of C, and C\, we 
dx 
suppose X and Er to vanish at the time ?— 9. 


In this way, (16) becomes 


1 
1 Fe T ) eiln—n)s _ = ( Is =) net. 
2 N, 2 n 


0 


a e eint 


m(n ’—n?) 


$ 
From this X is found, if, after multiplying by Ze "de, we inte- 


grate from 9=0 to = w. If u is an imaginary constant, we have 


Hence, after some transformations, 
ae 


——— 
n(n er ") 4 3 

T T 
If this is compared with (15), it appears that, on account of the 


blows, the phenomena will be the same as if there were a resistance 
determined by 


x= 


A eraies 


2 m 
0=—— , . . * D ei‘ D 
$ = . (18) 


and an elastie force having for its coefficient 


a 
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Indeed, if the elastie force had the intensity corresponding to this 
formula, the square of the frequency of the free vibrations would 


l 
have, by (7), the value n,’-+ —. The equation (15) would then 
T 


take the form (17). 

In the next paragraphs the last term in (19) will however be 
omitted. 

As to the time r, it will be found to be considerably shorter than 
the time between two successive encounters of a molecule. Hence, 
if we wish to maintain the conception here set forih, we must sup- 
pose the regular succession of vibrations to be disturbed by some un- 
known action much more rapidly than it would be by the encounters, 

We may add that, even if there were a resistance proportional to 
the veloeity, the vibrations might be said to go on undisturbed only 
for a limited length of time. On account of the damping their amplitude 
would be considerably diminished in a time of the order of magnitude 


ae This is comparable to the value of r which, by (18), corresponds 
9 


to a given magnitude of y. 

$ 7. The laws of propagation of electric vibrations are easily 
deduced from our fundamental equations. We shall begin by sup- 
posing that there is no external magnetic field, so that the terms 
with 5 disappear from the equations (14). 

Let the propagation take place in the direction of the axis of z 
and let the components of the electromagnetic vectors all contain 
the factor 

Pr A r) 
in which it is the value of the constant g that will chiefly interest 
us. There can exist a state of things, in which the electric vibrations 
are parallel t0 O X and the magnetic ones parallel t0 O Y, so that 
E,, P,, D, and 9, are the only components differing from 0. Since 
differentiations with respect to £ and to z are equivalent to a 
multiplication by in and by — ing respectively, we have by 
(2) and (8) 


Hence | 
Die 0ngi 8 
‘and, in virtue of (1), 
elle — 1) SC: 
The first of the equations (14) leads therefore to the following 
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formula, which may serve for the determination of g, 


1 
et — la — (21) 
i sten 
Of course, g has a complex value. If, taking «and w real, we put 
1—-ıx 
= a RE A 
q 2 (22) 


the expression (20) becomes 
3 f 1—ix 
ınlt — ———— ız 
safe) 


so that the real parts of the quantities representing the vibrations 
contain the factor 


e Fe IP SE Ei 
multiplied by the cosine or sine of 


(==) 
n\t——|\ 
[097 
It appears from this that w may be called the veloeity of propa- 
gation and that the absorption is determined by x. If 
nx* 
——k, 
[07 


(index of absorption), we may infer from (23) that, while the vibra- 
1 
tions travel over a distance . their amplitude is diminished in the 
1 
ratio of 4 0 —. 
e 


In Order to determine ® and x, we have only to substitute (22) 
in (21). We then get 


2 mh lag, urn 
0) S+tin 
or, separating the real and the imaginary parts, 
nee ee 
N) a En n’ w? & > 7? ’ 
from which we derive the formulae 
e’ Faß Der, S 
2— — ———l1 721 ,, 
o En m 
2 Ren Res 1 25 
ee Re 


in which the radical must be taken with the positive sign. 


1.1599 %) 


If the different constants are known, we can caleulate by these 
formulae the velocity and the index of absorption for every value 
of the frequency n; in döing so, we shall also get an idea about 
the breadth and the intensity of the absorption band. 


$ 8. In these questions much depends on the value of n. In the 
special case &=(), i.e. if the frequency is equal to, or at least only 
a little different from that of the free vibrations, we have on account 


of (25) 
2,.,23 1 
a Va! 
@ n 


From what has been said above, it may further be inferred that 
2nc 


along a distance equal to the wave-length in air, i.e. 


‚the 


n 
amplitude decreases in the ratio of 1 to 


2rcx 


e 


{02} 
Now, in the large majority of cases, the absorption along such a 
2rcx 
distance is undoubtedly very feeble, so that ET must be a small 


ex? 
number. The value of = 


must be still smaller and this can only 


be the case, if n is much larger than 1. 
This being so, the radical in (25) may be replaced by an approxi- 
mate value. Putting it in the form 


JE+I 
Vale 


we may in the first place observe, that, since n is large, the numerator 
25-+1 will be very small in comparison with the denominator, 
whatever be the value of 5. Up to terms with the square of 
25+1 


-_2 7 we may therefore write for the radical 


Be 
1, Is es 
A ee 
and after some transformations 
ee dp —45—1 
FT 
As long as & is small in comparison with »7?, the numerator of 
this fraetion may be replaced by 4°. On the other hand, as 


2 
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soon as 5 is of the same order of magnitude as 7? or surpasses 
this quantity, the fraction becomes so small that it may be neglected, 
and it will remain so, if we omit the term — 43 in the numerator. 
We may therefore write in all cases 
r N 
o 2642?) 
so that the index of absorption becomes 
n N 
= a. Eee 
This formula shows that for &=0 the index has its maximum 
value 


(26) 


n 
.— den 
and that for $= + vn, it is »! +1 times smaller. 
The frequency corresponding to this value of $ can easily be cal- 
eulated. If @ may be neglected, a question to which we shall return 
in $ 18, (11) may be put in the form 


a 


k (27) 


Hence, for $= £ vn 
mMn—n)=tEm=Ftvng), 
or, on account of (10) and (18), 


2mvn 
mn — n)=Ernde= 


$) 
T 


» Ä 2vn 
Run 


T 
lf n—n, is much smaller than n,, we may also write 


ee D . . . 0 . . D (29) 
T: 


The preceding considerations lead to the well known conelusion, 
somewhat paradoxal at first sight, that the intensity of the maximum 
absorption inereases by a diminution of the resistance, or by a lengthen- 
ing of the time during which the vibrations go on undisturbed. In- 
deed, if 9 is diminished or r increased, it appears by (10) and (12) 
that ») becomes smaller and by (27) A, will become larger. This result 
may be understood,. if we keep in mind that, in the case nn 
the one most favourable to ‘optical resonance”, in molecules that 
are left to themselves for a long time a large amount of vibratory 
energy will have accumulated before a blow takes place. Though 
the blows are rare, the amount of vibratory energy which is converted 
into lieat may therefore very well be large. 
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In another sense, however, the absorption may be said to be 
diminished by an increase of ı (or a diminution of g), the range 
of wave-lengths to which it is confined, becoming narrower. This 
follows immediately from the equation (26). Let a fixed value be 
given to $, so that we fix our attention on a point of the spectrum, 
situated at a definite distance from the place of maximum absorption, 
and let 7 be gradually diminished. As soon as it has come below 
&, further diminution will lead to smaller values of k, i. e. to a 
smaller breadth of the band. 

If g is very small, or z very large, we shall observe a very nar- 
row line of great intensity. 

$ 9. The observation of the bands or lines of absorption, combined 
with the knowledge that has been obtained by other means of some 
of the quantities occurring in our formulae, enables us to determine 
the time r and the number N of molecules per unit volume. 

I shall perform these calculations for two rather different cases, 
viz. for the absorption of dark rays of heat by carbonie dioxyd and 
for the absorption in a sodium flame. 

As soon as we know the breadth of the absorption band, or, 
more exactly, at what distance from the middle of the band the 
absorption has diminished in a certain ratio, the value of z may be 
deduced from (29); we have only to remember that in this formula, 
n is the frequency for which the index of absorption is»? + 1 times 
smaller than the maximum »%.. 

ÄngsTRöm ') has found that in the absorption band of carbonie 
dioxyd, whose middle corresponds to the wave-length 2 = 2,60 u, 
the index of absorption has approximately diminished to 3%, for 
2—= 2,30 u. This diminution corresponding to » = 1, we have by (29) 

1 


-zn—N3 
T 


if n, and n are the frequencies for the wave-lengths 2,60 u and 2,30 u, 

In this way I find 

rt —= 10-18 see. 

In the case of the absorption lines produced in the speetrum by 
a sodium flame, we cannot say at what distance from the middle 
the absorption has sunk to $ k,. We must therefore deduce the value of 
t from the estimated breadth of the line. Though the value of v 
corresponding to the border cannot be exactly indicated, we shall 


1) K. Anaström, Beiträge zur Kenntnis der Absorption der Wärmestrahlen 
durch die verschiedenen Bestandteile der Atmosphäre, Ann. Phys. Chem. 39 (1890), 
p- 267 (see p: 330). 
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probably be not far wrong, if we suppose it to lie between 3 and 6; 
this would imply that at the border the index of absorption lies be- 


1 
tween — Äk, and k,. If therefore n relates to the border, the for- 


1 
10 37 
IR 1 1. 1 
mula (29) shows that the limits for ae (n—n.) and —- (n—n.). 


In Hanto’s experiments the breadth of the D-lines was about 
1 A. E. The relation between n and the wave-lengtlhi 2 being 


2nc 
re, 
we find for that between small variations of the two quanlities 
2 
dn = — ee; di. 
A: 


Hence, if we put dA=0,5 A. E.= 0,5 X 10-8 cm., we find 
n— = 0,26 X 1012, 
from. which I infer that the value of r lies between 12 x 10-12 and 
24 x 10-12 sec. 


$ 10. In the case of carbonice dioxyd the number N may be 
deduced from the measured intensity of absorption. In Änsström’s 
experiments this amounted to 10,6 pCt. in a layer, 12 cm. thick, 
‚and for 2= 2,60 u. The amplitude being diminished in the proportion 
of 1 to e=*% in a layer whose thickness is z, and the intensity of 
the rays being proportional to the Square of the amplitude, we have 

ek, — 0,894, 
and 
ko = 0,0046. 

Now, by the formulae (27), (12), (10) and (18) 
Net 
— 4cm' 
Acmk, 

e’r 

Here x and A, are known by what precedes. As to the charge e, 
it is, in all probability, equal to that of an electrolytie ion of hydrogen. 
It is therefore expressed in the usual electromagnetic units by 
the number 1,3 x 102%, and in the usual electrostatie units by 
39x 10-10. The unit of eleetrieity used in our formulae being 


Y4r=3,5 times smaller than the common electrostatie one, we 
must put 


ko 


N.= 


= 1X 10-1 A EEE 
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In the case of the infra-red rays whose absorption has been 
measured by Änsström we are probably concerned with the vibrations 
of charged atoms of oxygen or carbon. The mass of an atom of 
hydrogen being about 1,3 x 10-2: gramme, I shall take 

ne eh 
The result then becomes 
N=E6X 10 


$ 11. The above method is not available for a sodium flame. 
HaııLo has however observed that the value of N for this body may 
be deduced from his measurements of the magnetic rotation of the 
plane of polarization and Gerst has shown that the magnetic double 
refraction in the flame may serve for the same purpose. In what 
follows I shall only use one of Harno’s results. 

In the first place it must be noticed that in the case to be con- 


sidered, $ is much larger and much smaller than unity. The 


Re 
+ 
radical in (24) may therefore be replaced by 


s 
tere 
and the formula becomes 
6 S 
oıtserm 
Now, if there is an external magnetic. field, the velocities of pro- 
pagation ®, and w, of right and left cireularly polarized light can 
be Eslcnlaled® by a similar formula. We have only to replace & by 
&— Sand by 5+35.') From the results 
0 al c 5+5 
re  Felery Hm 
we find for the angle of rotation per unit length 
»=3(--.)=7 — Kr RER 
ook ran 
In order to determine N hy means of a measured value of 9, 
we begin by observing that, in virtue of the equation (28), for 
which we may write 


g—=2mn, (mn, —n), 
each value of & determines a certain point in the spectrum whose 
distance from the’middle of the band is proportional to &. At the 


1) See Lorentz, Sur la theorie des phenomenes magneto-optiques, etc., $ 16. 
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border of the band (if there is no magnetic field) $ has the value 
vn, the -coefficient » being some moderate number, say between 3 
and 6 ($9), and for one of the components of ZerMmAN’s doublet we 
have &—=L. In the magnetic field used by Harro the distance of 
the components from the middle of the original line amounted to 
0,15 A. E., half the breadth ot the line being 0,5 A. E., as has 
already been said. 
We have therefore the following relation between n and $: 
S:vn = 0,15:0,5 
3,8 
v 


y= Dom Be 
On the other hand, a point in the spectrum, at which the angle 
of rotation per unit length was approximately equal to unity, was 


35 
situated at a distance of 1,6 A. E. (5 of the mutual distance of the 


two D-lines) from the middle of the original line. This being 10 times 
the distance from this line to one of the components, we have 
approximately 
g&—100. 
On substituting this value and (32) in the formula (31), it appears 
that the terms n? may be omitted. Hence, if (13) is taken into account, 
n Ne 
= 0009. U US een 
| p € H (33) 
or since =1 is, 
Ne=200H. 
The strength of the magnetic field in these experiments was 9000 
in ordinary units, or 
9000 
H = — — = 2600 
var 


in those used in our equations. Taking for e the value (30), I finally find 
N=4X 104, 


$ 12. The value of n may likewise be calculated, both for the 
carbonie dioxyde and for the sodium flame. In the first case we can 
avail ourselves of the formula (27), in which %, is now known; 
the result is 
„> N IT 
 2ch, Ak, 


For the sodium flame we first draw from (33) 


N 


= X10: 
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N ll a — 500 
© 


and we then find by (32) the following limits for n 
550 and 270. 

These results fully verify our assumption that n would be a 
large number. 

Finally we can compare the values we have found for r with 
the period of the vibrations. In this way we see that in the flame 
some six or twelve thousand vibrations follow each other in uninter- 
rupted succession. In the carbonie dioxyd on the contrary no more 
than a few vibrations can take place between two successive blows. 


$ 13. After having found the number N of molecules in the 
sodium flame we can deduce from it the density d of the vapour of 
sodium. In doing so, 1 shall suppose the molecules to be single atums, 
so that each has a mass equal to 23 times that of a mass of hydrogen 
Taking for this latter 1,3 X 10-°* gramme, I find 


a ER are 


This is not very different from the number 7X 10-9 found by Harıo. 

Harro has already pointed out that this value is very much smaller 
than the density of the vapour really present in the flame; at least, 
this must be concluded if we may apply a statement made by 
E. WiıEDEMANN, according to which a certain flame with which he 
has worked contained per em’. about 5%X10-7 gramme of sodium. 
Perhaps the difference must be explained by supposing that only 
those particles that are in some peculiar state, a small portion of the 
whole number, play a part in the phenomenon of absorption. This 
would agree with the views to which Lxnarn has been led by his 
investigation of the emission by vapour of sodium. 

It must be noticed that the value of N we have calculated for 
carbonie dioxyd warrants a similar conelusion. In the experiments of 
Ängström the pressure was 739 mm. At this pressure and at 15°C. 
the number of molecules per em’. may be estimated at 3,2 X 10". 
This is 50 times the number we have found in $ 10. 


$ 14. An interesting result is obtained if the time r we have 
caleulated for carbonie dioxyd is compared with the mean lapse of 
time between two successive encounters of a molecule. Under the 
eireumstanees mentioned at the end of $ 13, the mean length of the 
free path is about 7 X 10% em. The molecular veloeity being 
4%x.10* enı. per sec., this distance is travelled over in 
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ne le N 

i.e. in a time equal to 18000 times the value we have found for r. 
We see in this way that it cannot be the encounters between mole- 
cules, by which the regular succession of vibrations comes to an end. 
It seems to be disturbed much more rapidly by some other cause 
which is at work within each molecule. 

In the case of the sodium flame there is a similar difference 
between the length of time r and the mean interval between two 
encounters. 


$ 15. We shall now return for a moment to the resistance that 
has been spoken of in $ 5, the only one that is really exerted by 
the aether. This resistance is intimately connected with the radiation 
issuing from a vibrating electron, and if a beam of light were 
weakened by its influence, this would be due to part of the incident 
energy being withdrawn from the beam and emitted again into the 
aether. Of course, this could hardly be called an absorption. But, 
apart from this objection, we can easily show that the resistance in 
question is much too small to account for the diminution of intensity 
that is really observed. Its component in the direction of « is 
e’ d’x 
Ge ar’ 
or, for harmonie vibrations of frequency n, 
n’e’ dx 
6 dt 
Comparing this with (8), we find 
Ay are! 
ET 
This amounts to 2,0 x 10-2! for carbonie dioxyd (for the wave- 
length 2= 2,60 u ($ 9)) and to 4,0 x 10-20 in the case. of the 
sodium tlame. These numbers are far below tbose which result from 
(18), if we substitute the value that has been caleulated for r. We 
then get, for carbonie dioxyd 4,0 x 10°, and for the sodium flame 
a number between 1,2 X 10-16 and 0,6 X 10-16, 


$ 16. It has already been shown in $ 8 that an increase of n 
broadens the absorption band, diminishing at the same time the ab- 
sorption in its middle. Indeed, in many cases we may say that 
the broader the band, the feebler is the absorption for a definite 
kind of rays. 

The question now arises what is the total amount of energy 
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absorbed by a layer of given thickness 2, if the incident beam con- 

tains all wave-lengths oceurring in the part of the spectrum oceupied 

by the absorption band. In treating this problem, I shall suppose 

the energy to be uniformly distributed over this range of frequencies, 

so that, if we write /dn for the ineident energy, in so far as it 

belongs to wave-lengths between n and n + dn, / is a constant, 
The total amount of energy absorbed is then given by 


le EHE ENT (84) 
2 


Now, if the coeffieient g and the time r were independent of the 
density of the gas, both $ and 7 would be inversely proportional to 
N: this results from (10), (12) and (28). The equation (26) shows 
that under these circumstances and for a given value of n,& is 
proportional to N. The value of A will therefore be determined by 
the product Nz. This means that the total absorption would solely 
depend on the quantity of gas contained in a layer of the given 
thiekness, whose boundary surfaces have unit of area; if the same 
quantity were compressed within a layer of a thickness 32, the 
absorption would not be altered. 

The result is different, if gy and r depend on the density. In order 
to examine this point, I shall take z to be so small that 1 —e*** 
may be replaced by 2kz — 2X’2?, so that (34) becomes 


[- >} [- >) 
«| kan z [Iran 
0 0 


Let us further confine ourselves to an absorption band, so narrow, 
that we may put 


A—21 (85) 


Emm, (mn), » 0.0. % (86) 
a a 
zend,k=—- =——— 37 
N N,9 de & ie 7° ( ) 
Introdueing &, instead of n, and extending the integrations from 
g=—o ttö=-+%», as may indeed be done, I find from (35) 


wu? 1 
A=—|2— —? |, 
2cm! 4og' 


or, on account of (10), 


His nıI 
2m 


1 
Ne? z — — (Ne? 2)’ | 
Acg 


Two eonelusions follow from this result. First, the absorption in 
an infinitely thin layer of given thickness does not depend on the 
42 
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value of g. In the second place, if the layer is so thick that the 
second term in the formula has a certain influence, for a given 
value of Nz, the amount of absorption will increase with y. It will 
therefore increase by a compression of the gas, if by this means the 
coeffieient y takes a larger value. An effeet of this kind has really 
been observed by ÄNGSTRÖM !) in his experiments on the absorption 
produced by .carbonie dioxyde. 

This result could have been predicted by theory if the idea that 
the succession of regular vibrations would be disturbed by the colli- 
sions between the molecules had been confirmed ; then, by an increase 
of the density, the time r would become shorter and the formula (18) 
would give a larger value for the coeffiecient y. As it is, the vibra- 
tions must be supposed to be disturbed by some other cause ($ 14) 
and we can only infer from ÄNGSTRÖM’S measurements that the influ- 
ence of this cause must depend in some unknown way on the density 
of the gas. 


$ 17. Thus far, we have constantly assumed in our caleulations 
that the coefficient 7 is very much larger than unity ; this hypothesis 
has been confirmed by the values given in $ 12 and, to judge from 
these numbers, it would even seem hardly probable that 7 can in 
any case have a value equal to, or smaller than 1. Yet, there is a 
phenomenon which can only be explained by aseribing to 7 a small 
value. This is the dissymmetry of the Zrxman effect, which has been 
predieted by Vorsr’s theory *) and has shown itself in some experi- 
ments of Zenman’). In so far as we are here concerned with it, it 
 eonsists in a small inequality, observable only in weak magnetic 
fields, of the distances at which the two outer components of the 
triplet are situated from the place of the original spectral line. 
Whereas in strong fields the position of these components is deter- 
mined by the equations S=+L and = —L, it corresponds to 
s=0 and $=1, if the magnetic intensity is very small. 

Vorgr has immediately pointed out that the dissymmetry can only 
exist, if 7 is not very large. Yet, from the fact that the effect could 
scarcely be detected by Zunuan, he coneludes that the eveffieient must 


ı) Anssıröm, Über die Abhängigkeit der Absorption der Gase, besonders der 
Kohlensäure, von der Dichte, Ann. Phys., 6 (1901), p. 163. 


?) Vorst, Über eine Dissymmetrie der Zerman’schen normalen Triplets, Ann 
Phys., 1 (1900), p. 376. 
3 N N e . N i . 7 I r 
) Zerman, Some observations concerning an asymmelrical change of the spectral 
lines of iron, radiating in a magnetic field. These Proceedings, II (1900) p- 298 
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have been rather larger than unity. In my opinion, we must go 
farther than that and asceribe to 7 a value, not sensibly above 1, 
my argument being that the dissymmeitry can only make itself felt, 
if the difference between the distances from the original line to the 
two components in question is not very much smaller than the breadth 
of the line. 

We know already ($ 9) that $5=0 at the middle of the line and 
g&—=»n at the border. Now, if 7 were sensibly larger than 1, the 
places corresponding t0 $&=0 and $=1, i.e. the places oceupied 
by the two «components in a weak field, would lie within the 
breadth of the original line; it would therefore be impossible to 
discern the want of symmetry. 

$ 18. Whatever be the exact value of n, ZREMAN’S experiments 
on this point show at all events that under favonrable cireumstances 
a displacement of a line, corresponding to a change from 5—=0 to 
&—1, or to a change 

1 


fi 
Am'n, 
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of the frequeney, is large enough to be seen. But, if such is the 
case, we shall no longer be right, if we discuss the value of $, in 
omitting quantities that are but a few times smaller than unity. 
A quantity of this kind is the term « in the equation (11), which 
as has already been mentioned, is but little different from '/,, and 
which we have omitted in all our caleulations. If we wish to take 
it into aceount, we shall find that all that precedes will still hold, 
provided only we replace n, by the quantity 7, determined by 


f-e=m Se BR (39) 
Indeed, (28) may then be written in the form 
Ei), 


and the place of maximum absorption, the middle of the line, will 
eorrespond to the frequency Mt, exactly as it formerly corresponded 
to the frequency ",- 


Now, by (7) and (10) 


zmn,; 
and by (39) 
a a 
a = N, = A ? n', —nN 2n,m' : “ . 2 (40) 
or, on account of (10), 
: 
ea al) 
Dr, mans. 


We learn from this equation that an increase of the density must 
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give rise to a small displacement of the absorption line towards 
the side of the larger wave-lengths. A shift of this kind has been 
observed by Humpureys and MonLer in their investigation of the in- 
fluenee of pressure on the position of spectral lines. However, as 
the formula (41) does not lead to the laws the two physieists have 
established for the new phenomenon, I do not pretend to have 
given an explanation of it. 

Nevertheless we may be sure that in those cases in which the 
dissymmetry of the Zerman effect can be detected, the last term in 
(41), which in fact is of the same. order of magnitude as the expres- 
sion (88), can have an influence on the position of a spectral line 
that is not wholly to be neglected. 

On the other hand, it now. becomes clear that, in the case of a 
large value of n, the term « in (11) may certainly be neglected, its 
influence on the position of the middle of the line being much smaller 
than the breadth. ') 


$ 19. We shall conclude by examining the influence of the last 
term in (19), which we have likewise omitted. If we replace f by 


! 


m R . 
+ = and, in virtue of (10), f by f' + “ which I shall denote by 


(f'), and if this time we neglect the term a, the formula (11) may 
again be written in the forın (28). Indeed, if we put } 
(f) 1 
EN At 2 urM 
NT SH Eee 
we shall have 
$S—=m(n'’ —n). 
Instead of (42) we may write 
n"z.n-t+ ieh, 
> f} 2 n, eT y. ° . . . . . (43) 
an equation which shows that the absorption band lies somewhat more 
towards the side of the smaller wave-lengths than would correspond 
to the frequency n, and that its position would be shifted a little 
if the time r were altered in one way or another ($ 16). These displa- 


I) Prof. Jurrus has called my attention to the fact that in many cases the absorp- 
tion lines are considerably broadened by the change in the course of thera at 
can be produced in a non-homogeneous medium by anomalous dispersion E* ih 
experiments of Harro, I have discussed, this phenomenon seems to fürs had \ 
influence. This may be inferred from the circumstance that the emission li i 
his lame had about the same breadth as the absorption lines. we 
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cements would however be much smaller than half the breadth of 
the band. This is easily seen, if we divide the walue of m’, —n, 
caleulated from (43) by the value of n —n, that is given by (29). 
The result 

1 


2 RT 


is (ef. $12) a small fraction, because n, r is equal to the number of 
vibrations during the time r, multiplied by 2 =. 


(January 25, 1906). 
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